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PART II 


DETAIL DATA FOR SURVEYS DESIGN AND 
CONSTRUCTION 

Introduction.—Part II takes up a discussion of detail methods of 
survey, design, estimating, and construc tion. The essential general 
attitude in regard to detail methods which must be continually borne 
in mind and impressed on the engineering force can be briefly 
summarized as follows: 

The survey work must be accurate and complete, as it provides 
the fundamental information for the design and the accurate esti¬ 
mate and measurement of quantities. Satisfactory survey work 
will range in cost from $ioo to $400^ per mile and any effort to 
cut cost below that required for e.Kcellcnt work is very short-sighted 
policy. Careless work is often done in order to cut the apparent cost 
of engineering, but it generally adds to the final total cost and is 
unsatisfactory to both engineers and contractors. 

Effective design is based on the principle of the preparation of 
alternate comparative designs in order to pick the most suitable or 
economical solution. By the use of this method of alternate designs 
a good engineer will reduce construction costs at least 10 to 20- 
% below that obtained by the usual stereotyped application of 
standards with little thought to the local problem. First-class 
oflSce desim costs from $150 to $400 per mile and any effort to cut 
this cost below the amount required for thorough design is poor 
economy, as the authors know from an experience of over 20 years. 
Small bridge surveys and design will cost from ?3 to 2% of the cost 
of the structure for careful and economical design. 

Estimates of quantities should be liberal in order to avoid the 
necessity of supplementary agreements during the progress of 
construction, but in order not to mislead the contractor in making 
his bid it is necessary for the estimates to show the probable mini¬ 
mum amount for each item, with a statement of the amount allowed 
for contingencies (see pp. ion and 1088). Cost estimates should be 
fairly liberal. They sliould never be below an amount which will 
insure reasonable prolit with ordinary favorable luck. This matter 
of cost is very important, as a poor contract price is almost certain 
to result in inferior work, even wdth good inspection control. 

The essential of construction inspection is insistence on good 
quality of work without needless interference with the contractor's 
choice of methods. Construction practice is the most essential part 
of successful highway programs and is generally the poorest man¬ 
aged part of the engineering program. This is largely due to 

' Average cost of surveys and plans for Kentucky state roads in 1923 was 
Ij87 per mile. 
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the policy of low pay for field engineers and inspectors. Under 
this general policy it is impossible to get high-grade men who will 
give the work their entire undivided attention. Low-grade men 
are no match for high-grade contractors or even well-paid foremen, 
and the results are often not very creditable to the inspection force. 
Effective supervision of construction costs from $600 to $1000 per 
mile and any effort to cut cost on the score of engineering pay-roll 
economy is political bunkum and very poor economic policy. 

Lack of thoroughness and care is a common trait which often 
shows in extreme form in public works programs. It is most cer¬ 
tainly desirable to combat this tendency, which is very well illus¬ 
trated by the anecdote of the American tourist in Spain, who on 
hearing that it had taken 500 years to build a famous cathedral 
remarked, “Well in God’s country where I come from we could build 
one of those things and have it fall down on us all inside of 5 years.” 



CHAPTER XII 


PRELIMINARY INVESTIGATIONS 

Introduction.—The object of all preliminary investigations for 
any type of engineering improvement is to secure basic data on 
which a reasonable program or detailed design can be worked out. 

Preliminary investigations are the most important part of the 
engineering program^ as they set the broad general plan. They 
should be thoroughly done by the most experienced engineers 
available, whose judgment has been developed oy extended experi¬ 
ence with the general conditions to be met. Too often this part of 
the engineering program is carelessly done due to hesitation in 
spending money before a project is assumed, but this policy is 
very short sighted, as it often results in excessive expenditure for 
detailed surveys of alternate routes and for irrational pavement 
and bridge designs. 

Cost of Preliminary Investigations.—The cost of first-class inves¬ 
tigations of this kind ranges from $5 to $80 per mile, depending on 
the country to be traversed. A cost of $5 to $15 per mile is a fair 
average for long mountain road projects similar in character to 
the road work done by the U. S. Office of Public Roads in the 
West, and a cost of $10 to $20 per mile for high-type road reports 
in the eastern states. Reconnaissance location surveys in heavily 
timbered pioneer territory may cost as high as $50 to $70 per mile. 

The field work and reports deal with the following main matures: 

1. Probable traffic. 

2. General location. 

3. Construction materials. 

4. Special problems. 

5. Cost estimate of alternate types. 

6. Report. 

mOH-TYPE ROAD INVESTIGATIONS IN WELL-SETTLED 
DISTRICTS 

^rhe improvement generally consists of betterments to an existing 
road, the location of which is in most cases fixed by existing rights 
of way except for short relocations. The choice of which road to 
improve is made by local boards or the State Highway Commis¬ 
sioner so that when the problem reaches the field engineer his work 
is usually confined to a definite report on a definite road, although 
in some cases where there is a dispute as to the relative merits of 
alternate routes it is necessary to investigate two or more possible 
routes. 
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1. Probable Traffic. —The probable present and future traffic 
governs reasonable recommendations as to alignment, grade and 
type and width of pavement. For principles and methods of 
estimating traffic, present and future see pages 28 to 33; for 
reasonable type and width of payment, pages 6 to 9; for reasonable 
alignment, pages 113 to 121; for maximum grades, pages 74 to 113; 
for roadway section, pages 122 to 179; and for maximum allowable 
exp)enditure, pages i to 16. 

2. Gener^ Location. —The principles of relocation are detailed 
in pages 74 to 83. 

3. Construction Materials {Field Work ).—The investigation for 
local material is very important. Careless work in this particular 
results in specifying impracticable or needlessly expensive sources 
of supply for materials and often in the selection of an unreasonable 
type of construction. A careless estimate of the quantity of 
available local material also causes trouble during construction 
by a shortage in supply. 

It is important not only to determine the amount of local material 
but also its character, as, for example, a local gravel may be suit 
able for a lirst-class bottom for macadam construction but not 
suitable for a concrete pavement, or it may be suitable for a con¬ 
crete paving base but not for a concrete road taking the traffic 
directly. local hard sandstone may be suitable when bound with 
bitumen and would not act well if water bound with its own screen¬ 
ings, etc. The necessary properties of stones, gravels, sands, etc., 
are given in the chapter on Materials, and in Specifications. 

Any preliminary ref)ort should cover the sources of supply and 
approximate cost at pit or switch of the following materials: 

Gravelsf suitable for: 

Bottom courses 
Top courses 
Structural concrete 
hirst-class concrete pavement 
Concrete paving base 
Subbase filler. 

Stone, slag, etc., suitable for: 

Subbase 
Bottom course 
Water-bound macadam top 
Bituminous macadam pavement 
First-class concrete pavement 
Concrete paving base 
Structural concrete. 

Sand suitable for: 

Bottom-course filler 

Cushion sand 

Structural concrete sand 

First-class concrete paving sand 

Fine and coarse sand for sheet asphalt. 
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Miscellaneous: 

Bitumens 

Tars 

Paving brick 
Stone block 
Asphalt block 
Wood block 
Stone or brick cubes. 

Water supply, location and quality. 

A convenient method of recording the location of materials is 
as follows: 



Unloading Points for Freight. —Provided U. S. geological maps 
are obtainable, the position of sidings may be marked on the sheets. 
The notes for each siding show its car capacity, whether or not an 
elevator plant can be erected, and, if hand unloading is necessary, 
whetW teams can approach from one side or two. They should 
also show any coal trestle that can be utilized in unloading and the 
location and probable cost of any new sidings that will materially 
reduce the length of the haul. Canal or river unloading points 
are shown in the same manner. 

Sand, Gravel, and FUler Material, —The position of sand and gravel 
pits and filler material are noted with their cost at the pit; if no 
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local material is available, the cost, f.o.b. at the nearest siding, is 
given. Samples are taken and tests made. 

Stone Supply .—Provided imported stone is to be used, the work 
is simplified to determining the rate, f.o.b., to the various sidings 
for the product of the nearest commercial stone-crushing plant that 
produces a proper grade of stone. 

In case local stone is available, the location of quarries or outcrops 
is shown, the amount of stripping, if any, and the cost of quarry 
rights. If the estimate will depend upon rock owned by a single 
person, an option is obtained to prevent an exorbitant raise in price. 

In case of field or fence stone, a careful estimate is made of the 
number of yards of boulder stone available, the owners* names, 
what they will charge for it, the position of the fences or piles 
relative to the road, or side roads, and, if the fences are not abut¬ 
ting on a road or lane, the length of haul through fields to the nearest 
road or lane. As fences are usually a mixture of different kinds 
of rock, the engineer estimates the percentage of granite, limestone, 
sandstone, etc., and the percentage that will have to be blasted or 
sledged in order to be crushed by an ordinary portable crusher. 
The amount of field stone required per cubic yard of macadam is 
given in estimates (p. 1172). If there is a large excess of stone, a 
careful estimate need not be made, only enough data being col¬ 
lected to determine the probable position of the crusher set-ups 
and the average haul to each set-up. If a sufficient supply is 
doubtful, a close estimate is made as outlined above, and options 
obtained from the various owners. 

Samples of the different rocks are tested (see Materials). 

Simple field tests can be made, but if the department has a testing 
laboratory it is better to take samples and have a careful test made 
and recorded. As these tests are made, the location of the sample 
and result of the tests are recorded on a large map of the distrmt, 
which in the course of a few years shows at a glance the different 
sources of supply of acceptable materials for the entire county 
or state and saves future duplication of work for reconstruction, 
maintenance, and adjacent improvements. 

The method of sampling and the amounts of material required 
for a good test are quoted below from the New York State Instruc¬ 
tions for Sampling Materials. 

**S«mplinf.—Amounts of material required for laboratory tests are as 
follows: 

"Samples 9 f material will be taken by a duly authorised employee of the 
department, in its place of occurrence or manufacture or delivery by carrier. 
These samples must be taken from different parts of the lot of material to be 
tested, so as to be fairly representative, ana must be unmixed with foreign 
substances and placed in clean and safe receptacles; and they must conform 
in all respects to the requirements given under the special headings. They 
must be carefully and securely pa^ed, enclosing notification slip properly 
protected from wear and injury^ and sent express "collect" to the Bureau of 
Tests, State Highway Commission, Albany, N. Y., a ]>o8tal card notice being 
mailed at the same time. Envelopes, scoops, cans, thermometers, etc. for 
use in taking the samples may be had from the Bureau of Finance and Audit 
at Albany. 

"In the case of materials sampled at the place of manufacture, check 
samples may be required; these are to be talmn and treated the same as 
ordinary samples, except that the packages must be marked Check Samples, 
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and the use of the material need not be prohibited pending tne results of 
the check tests. 

**Sond and Grarri.~The character of the supply, whether fron), stream 
bed, bank, crusher bins, etc., is to be stated; also the use for which it is 
intended, whether for concrete foundations or other structures, binder for 
water-bound macadam, filler or wearing carpet or blotter for bituminous 
macadam, or for aggregate in water-bound or bituminous macadam, etc. 

“Material which will all pass through a K" screen will be considered 
sand. Each sample of sand or screenings shall be cu. ft. in volume; of 
gravel, i H cu. ft. 

“A small sample shall be taken from each test sample sent, and be kept 
on the contract as a measure of the quality of material. 

“Each sample is to be shipped in a tight box or in a clean, closely woven 
bag from which there will be no leakage; the usual identification slip is to 
be enclosed. In numbering samples, sand and gravel are to be treated as 
one material, not as two. 

“ Notification of acceptance or rejection may be expected to arrive at the 
division office 20 days after the submission of the samples and data, provided 
the need of a retest does not cause delay. 

“ -One sample is to be taken from at least every 10 bbl. or every 

40 bags, care being taken properly to distribute the sampling over the lot. 
Each sample shall be not less than 27 cu. in. in volume, or enough to fill a 
3" cube. Whenever possible, samples should be forwarded in envelopes 
furnished by the Commission for that purpose, the envelopes being filled^ to 
the line marked thereon. 

“The individual samples are not to be numbered, but each CTOup or lot of 
these samples representing a single boatload or carload is to be given a lot 
number, and these lot numbers are to run consecutively. Not more than 
one boatload or carload is to be represented by one lot number. 

“ Receipt of notification of acceptance or rejection of cement sampled at 
destination may be expected to amve at the division engineer’s office 12 days 
after the 'submission of the samples and data. If cement is held for 28-day 
tests the division engineer will be notified accordingly. 

** Concrete .—The concrete on each highway must be sampled for testing, 
the samples being taken at random from the batches used and being molded 
at the place and time of mixing. The work need not b© delayed pending 
the results of the tests. 

“Each sample shall be a pair of cubes measuring 6" on the edge, or of 
cylinders 8" in diameter and 16“ long; the sample is to be made in such man¬ 
ner as fairly to represent the concrete going into the structure. At least one 
sample is to be taken, and as many more as seem to be required by changes 
in the character of any ingredient or by any other consideration. 

“In concrete pavement work (whether foundation or top course) one pair 
of cubes or cylinders should be sent for every 500 cu. yd. Not less than two 
pairs are to be sent, however small the pavement. 

“The sample must remain in the mold 2 days, then be buried in clean 
sand to age under the same conditions as the material in the structure. 
On the twenty-first day the samples shall be taken out and shipped. ^ 

“Each sample is to have its number painted on each piece, and is to be 
shipx>ed in a box, properly protected from breakage and surface chipping, 
accompanied by the usual included identification and the postal notification. 
Especially must the class of concrete, the purpose for which it is used (kind 
of structure and i^rtion), and the date and time of day when sample was 
mixed be stated. 

'‘Bituminous Material .—When material is shipped in barrels, one sample 
is to be taken for every 20 or 25 bbl., the sampling being properly dis¬ 
tributed over the lot. 

“When material is shipped in tank cars one sample is to be taken from 
every 2000 or 2500 gal., the samples being taken from equally distributed 
levels in the car. 

“When material bitumen is shipped in loose bulk, one sample is to be 
taken for every s or 6 tons, the samples being taken from different levels and 
different locations in the lot and never from the surface of the material. 

“Bach sample shall be not less than 14 cu. in. in volume, wliich volume is 
slightly less tnan H pt. or about the sise of a x-lb. paint can. 

“It should be remembered that the bituminous material will flow at 
summer temi>erature or thereabouts, and consequently great c^ should be 
used in sealing cans and doing up packages. Whenever possible, samples 
should be forwarded in cans furnished byw Commission tor that purpose. 
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“The individual samples arc not to be numbered, but each group or lot 
representing a single boatload or carload is to be given a lot number, and 
these lot numbers are to run consecutively; not more than one boatload or 
carload of material is to be represented by one lot number. 

“In order to check the weighing and marking of bituminous material 
shipped in barrels, one unopened barrel out of every carload of approxi¬ 
mately 6s bbl., or a proportionate number of barrels for each boatload, is to 
be selected at random and weighed. The gross weight found, and the gross 
weight marked on the barrel, are to be entered on the Monthly Bituminous 
Material Reports or the information may be recorded elsewhere and sub¬ 
mitted to the Bureau of Tests. Any noticeable difference between the 
gallonage marked on a barrel and the gallonage found therein must be 
reported to the Headquarters office at Albany. 

“The unit of measure for bituminous material is the gallon measured at 
the temi)erature of 6o®F. If the volume of material is measured when hot, 
allowance should be made for expansion according to the following table, 
which will apply approximately to all of the different classes of bituminous 
material at present used on the state highways: 

“Increase in volume of various classes of bituminous material when 
heated from 6o®F. 

To 400*F. is approximately 12 % 

To 3S0*F. is approximately 10 % 

To aoo^F. is approximately 8 % 

To 250*’F. is approximately 6 % 

To 200®F. is approximately 4 % 

To i 50*F. is approximately 2 % 

“Stone .—Rotten or partially disintegrated stone, or weathered specimens 
from the surface of a quarry or ledge, are not to be submitted. 

“Samples of quarry or ledge stone must be representative of the sound, 
fresh, interior stone of the led^e or quarry. Suen samples may be secured 
either by blasting or by brealang up with the sledge. If all material is of 
the same variety, texture, etc., one sample will suffice. If, however, there 
are different varieties, separate samples are to be taken of each and report 
made as to the extent, giving details as to location and position for use. 

“All field stone, whether in walls, piles, or scattered over the ground, 
which might be used must be examined and a representative sample taken. 
When two or more varieties of great difference in quality or texture are 
observed to exist, separate samples are to be taken of each, and report made 
as to the percentage of each kind, the amount of small stone which might run 
through the crusher without action, and the percentage of disintegrated or 
badly weathered rock present, 

“In taking samples from the output of crushers, 15 lb. of crushed material 
not smaller than in size shall be taken, and also one piece at least 

3 by 4 by 5" shall be procured from the source of supply. 

“Each sample shall weigh not less than 25 nor more than 35 Ib. If the 
entire sample submitted is a single piece of stone, it should be remembered 
that a piece about the size of a man’s head will weigh 25 or 30 lb. While not 
less than 25 lb. are absolutely necessary in each sanmle, care should be taken 
to see that the samples do not weigh over 35 lb. One piece of each sample 
shall be at least 3 by 4 by s''. 

“Each sample is to be given a number running consecutively in each 
division. This number must contain both the division number and the 
sample number; thus, sample 42 from division i would be marked 1-42. 
Paint or Higgins’ drawing ink may be used to mark directly on the sample, 
or a label or tag may be securely fastened thereto. 

“Samples may be shipped in boxes, burlap, grain bags, cement bags, 
etc. It IS preferred that stone be shipped in a strong bag or in a double bag 
which may be formed by placing one bag inside of another. If shipping 
in a single bag which the sample only partially fills, the bag should be securely 
tied just above the sample and the remaining unfilled part of the bag folded 
back so as completely to envelop the stone and the portion of the bag 
containing it; this folded-back part should then be securely tied on the other 
side of the sample; this makes a tying of the bag on two sides of the stone and 
permits two thicknesses of the bag to surround the stone completely, and if 
.securely tied is as satisfactory as a double bag. 

“ Receipt of notification of acceptance or rejection of stone may be expected 
to arrive at the division ennneer^ office la days after the submission of the 
samples and data, provided acceptance or rejection is not deferred awaiting 
a retest. 



SAMPLING MATERIALS 7S5 

'"The location of source of supply is to be expressed by an index number 
according to the system used in the government office at Washinrton, which 
is, that each quadrangle of the U. S. Geological Survey sheet is divided into 
nine sections numbered from z to 9, inclusive, as shown in the following plan: 
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Fig. 259. 
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“ The north and south sides of each section are then divided into 22 spaces 
designated from A to V and the east and west sides into 32, so that the 
location of the stone may be closely defined, as, for example. Quadrangle 
Albany, Section 7. Letter J, Number 13, which when abbreviated would 
read 'Albany-7-J-i3.’ 

'“Paving Brick. —A sufficient number of samples in every case is to be 
taken to insure the use of brick of proper quality, but it should also be borne 
in mind that the charges for transportation and testing of brick are high, and 
only the smallest number of samples necessary for the purpose should be 
submitted. At least one sample is to be taken from every 200,000 brick or 
less. Each sample shall consist of 30 bricks. 

“If in a shipment or several shipments of the same make and kind of brick 
there appear to be different classes of brick—such as brick of different degrees 
of burning, for example—a full sample of each class is to be taken. 

“Each brick selected for the sample is to be free from cracks or other 
defects which would prevent its passing inspection at the road, for the 
sample must represent bricks which will not be culled out. Especially is it 
forbidden that any person financially interested in the manufacture or use of 
brick be present when samples are taken. 

“Each sample (consisting of 30 bricks) shall receive a number, the num¬ 
bers to run consecutively for each road. 

“The sample shall be shipped in wooden boxes, not more than 10 or 12 
bricks being put in one box on account of weight and strength of package. 

“Notification of acceptance or rejection of brick sampled at destination 
may be expected to arrive at the division engineer’s office 9 days after the 
submission of samples and data, providing the need of a retest does not 
cause delay. 

““Asphalt Block. —A sufficient number of samples in every case is to be 
^ken to insure the use of block of proper quality, but it should also be borne 
in mind that transportation and testing costs are high, and only the smallest 
number of samples necessary should be submitted. At least one sample is 
to be taken from every 100,000 blocks or less. Each sample shall con¬ 
sist of two blocks. 

“ If in a shipment or several shipments of the same make and kind of block 
there appear to be different classes of block, a full sample of each class is to 
be taken. 

“Each block selected for the sample is to be free from every defect that 
would prevent its passing inspection at the road, for the sample must repre¬ 
sent blocks which will not be culled out. 
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"Each sample (consisting of two blocks) shall receive a number, the num< 
bers to run consecutively for each road. 

"The sample shall be shipped in a wooden box. with usual identification 
card and postal notice. 

"Notification of acceptance or rejection of block sampled at destination 
may be expected to reach the division engineer’s office 14 days after sub¬ 
mission of samples and data, provide the need of a retest does not cause 
delay. 

‘'Field Sampling Steel Reinforcement .—Two bars 18'“' long for each 10 tons 
used. Two longitudinal and two transverse wires 18^' long for each 10 tons 
mesh used. Structural steel (plant inspection tests). 

^'Acceptance.—Upon completion of the testing of any set of samples the 
division engineer is notified of the acceptance or rejection of the material, and 
transmits the statement to the engineer in charge of the contract." 


SAMPLE MATERIAL REPORT 

MEMORANDUM LOCAL MATERIALS SURVEY FOR THE RUSH- 
MENDON PART i, ROAD 1392 

Made by W. G. Harger. December, 1920 and January, 1921 

"Previous investigations covered the availability of local materials for a 
concrete pavement. This survey considers the availability of local materials 
for possible macadam construction. 

"in 1916, F. C. Koemer made a field estimate of local fence stone and 
gravel. The result of the new survey (W. G. Harger, 1920) indicates that 
Mr. Kocmer's estimate as to available materials was very thorough, and that 
his quantities were conservative estimates. 

"The main features of the situation are as follows: There is sufficient 
fence stone and gravel in the territory to construct a local stone macadam 
road. The farmers, with the exception of Mr. Corcoran No. 8. and part of 
No. 2S. are all willing to give their walls and piles for use on this road, provided 
the bottoms are cleaned up thoroughly. The stone runs about 60% granite or 
Medina sandstone bouiders, fit for top course, and 40% fit for subbase bot¬ 
tom. All stone is fit for subbase bottom, but about 30% of it is too large 
for economic use in a boulder bottom. About 7070 of the stone as a whole 
can be economically used for subbase bottom with a moderate amount of 
sledging. The other 30% can most economically be used as crushed top 
course. 

"Considering all the factors, it is probable, if macadam is used for this 
road, that the most suitable type w’ould be a subbase boulder bottom, filled 
with coarse gravel, or waste crushed stone of sizes unsuitable for top, and a 
top course for part of the distance of local selected crushed stone supple¬ 
mented on the east end by imported limestone. 

"Filler mvel can be obtained from three pits close to the road (see map). 
The price tor such gravel set by the owners is 25 cts. per cubic yard. 

"Unloading points for imported materials are available at Rochester 
Junction (triple track main line, six-car capacity), and at Rush (public 
switch, fifteen-car capacity). 

"Water supply: Honeoye Creek the year round, and small creek near Sta. 
48 for part of year. The following map and table of quantities indicate the 
result of the 1920 investigation. 

Submitted, 

W. G. Harger. 

Jan. 4, xpai." 

4. Special Problems.—These include grade crossings, special 
(Muiage, bridges, etc., the principles of which are discussed on the 
following pages: 

Grade crossings (pp. 599 to 675). 

Drainage (pp. i8o to 341). 

Bridges (pp. 180 to 341). 

5* Ap^zmuite Quantity and Cost Estimates.-yThe length of 
the road can be obtained from maps (U. S. Geological Survey are 
convenient) or by autometer distances or pacing. Maps are 
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generally available and serve as a convenient basis for notations. 
A field inspection by one man, preferably on foot, furnishes the 
necessary data on required drainage, foundation soils, approximate 
amount of excavation, condition of existing bridges, and all special 
features. 
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Fig. 260.—Approx, cost curves. Abutment masonry for slab type 
bridges. Spans 6' to 25' (unit price of concrete $18 per c.y.). 


Minor drainage features can generally be lumf>ed and assumed 
to run about $1500 per mile. (For more detailed cost, estimate each 
culvert separately. See chapter on Drainage.) Special bridges 
must be figured in detail. (See chapter on Drainage for Standard 
Design, and quick-estimating diagrams. For culvert costs see 
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pp, 669 to 675, for bridge costs, pp. 648 to 669. Eor the convenience 
01 the field man cost and quantity of the most common cases are 
reported in this chapter (pp. 758 to 769). 

The amount of excavation per mile for ordinary rolling 
topography is entirely a matter of judgment, which can only be 
developed by personal experience in similar work. Eor special long 
hills requiring a cut and fill reduction a rough profile can be run with 
an .Vbney level, and the quantities approximated from the attached 
diagram. However, the item of excavation on macadam roads in 
ordinary topography rarely exceeds 20^^ of total cost, and consider¬ 
able error in estimating the yardage will not greatly elTcct the value 
of the estimate. 


clear Spon beV».cco Abu+men+s, Cb. 



Fig. 260.—Typical cost curves. Small span bridge superstruc¬ 
tures. 11-20 loading. Bascil on standard bridges in the following 
illustrations. Slabs, Fig. 69, page 237. Steel I beam stringers. 
Fig. 76, page 275. Concrete T beam stringers, Fig. 73, page 252. 

The character of the natural road soil has an important bearing 
on the depths of macadam or the use of subbase and must be care¬ 
fully recorded. This can best be done by giving the character of 
the soil, noting whether the improved road will probably be in cut or 
fill at the points recorded, and specifying the recommended depths 
of macadam or subbase under rigid pavements. The depths of 
macadam for different cla.sscs of traffic and different soils were indi¬ 
cated in Chap. VI (p. 391), for rigid pavements on page 426. Sam¬ 
ple notes on foundation soils arc shown on page 838. 

Methods of computing costs arc given in Chap. XV. 

The following tabulations of unit costs show the range in 
different locations and under different specifications. Reasonable 
unit prices for the district in question should be worked out for 
general reference purposes. 
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Fig. 262. —Approximate quantities typical plate girders. H-20 
loading. Structural steel includes girders, floor beams and 
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Note. —For skew bridge wdngs quantities remain constant, abut¬ 
ments are lengthened. 

^ . Right angle length 

Length = 


For Spans kss ^han 75 reduce Concrete Qjuantjties by}0*A 



Hei9Hlof AWmcni;rr. Croad surface fo bof fomfoob'ng) 
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H-20Loading ^0-fh -> . » -37 » 
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Fig, 263.—Approximate quantities of abutment masonry plate 
girder. Type of bridge. 40' to 100' spans. 
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Table 126. —Unit Prices, 1925 
Mains 


Description 


Gravel base. 


Stone V-drain. 


Laying 12" corrugated metal pipe. 
Laying 14" corrugated metal pipe 
Laying 16'' corrugated metal pipe 
Laying 18" corrugated metal pipe. 
Laying 20'' corrugated metal pipe. 
Laying 24" corrugated metal pipe 
Laying 12" cast-iron pipe. 

Laying 16" cast-iron pipe. 

Laying 18'' cast-iron pipe 
Laying 24" cast-iron pipe 
Laying 30" cast-iron pipe. 

Drop inlets,. 

Cobble gutters. . . . 

Gravel road. 

Crushed-stone base course. 

Bituminous-macadam surface course.. 
Bituminous-material applied (cars)... . 
Bituminous-material applied (barrels). 
Portland-cement-concrete pavement.. 
Pavement reinforcing. 

Wood guard rail. 

Wire-fence guard rail. 

Laying 12'' vitrified pipe. 

Laying 16" vitrified pipe. 


Unit 

Number 
of Bids 

.... Cu. yd. 

16 

. . . .Cu. yd. 

14 

.... Cu. yd. 

16 

.... Cu. yd. 

8 

. . . .Cu. yd. 

9 

.... Cu. yd. 

9 

.... Cu. yd. 

4 

. . . Cu. yd. 

13 

.... Cu. yd. 

I 

. . . .Cu. yd. 

2 

. . . .Cu. yd. 

15 

. . . .Cu. yd. 

16 

.... Cu. yd. 

I 

. . . .Lin. ft. 

I 

. . . .Lin. ft. 

IS 

11 

. .Lin. ft. 

. .Lin. ft. 

11 

. . . .Lin. ft. 

10 

.Lin. ft. 

S 

. . .Lin. ft. 

8 

.Lin. ft. 

2 

.Lin. ft. 

9 

. .Lin. ft. 

7 

. . . .Lin. ft. 

6 

. . .Lin. ft. 

2 

. Each 

6 

. . Sq. yd. 

8 

Cu. yd. 

11 

.Cu, yd. 

5 

Cu. yd. 

8 

Gal. 

8 

Gal. 

8 

. Cu. yd. 

3 

. .Lb. 

3 

.Lin. ft. 

14 

. . .Lin. ft. 

2 

. . Lin. ft. 

I 

Lin. ft. 

I 


I 1.19 

4.11 

1.23 

2.34 
2.31 
2 .64 
3.96 

2.35 
2.80 
2.6s 

30.27 
27.69 
liS.oo 
3.00 
0.83 
0.88 
I. ro 
1.22 
1.38 
1.52 
1.00 
1.50 
1.68 
1.87 
3.00 
57. SO 

1.44 
2.61 
4-83 
5.64 
0.10 
0 . 07 S 
12.17 
0 . 043 J 

0.59 

0.75 

0.75 

I .00 


New Hampshire 
Average Unit Bidding Prices 1925 


Items 


Quantities Average Bid 


Structure excavation. 


. Cu. yd. 

$ 1.36 

.Cu. yd. 

3.33 

.Cu. yd. 

1.39 

.Cu. yd. 

2.07 

.Cu. yd. 

4.19 

.Cu. yd. 

2.22 

,Cu. yd. 

3.28 

.Cu. yd. 

0. n 

.Cu. yd. 

2.16 

.Cu. yd. 

2.92 

.Cu. yd. 


.Cu. yd. 

3 .35 

.Cu. yd. 

2.35 

.Cu. yd. 

3.0s 

.Cu. yd. 

0.74 

.Cu. yd. 

4.0s 

.Sq. yd. 

2.78 

.Cu. yd. 

4.04 

. Gallon. 

0.07 

.Cu. yd. 

27.54 
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Table 126 —Continued 
New Hampshire 
Average Unit Bidding Prices 1925 

Items Quantities Average Bid 

Concrete Class 2.Cu. yd. 21.88 

Cement stone masonry.Cu. yd. I4-I4 

Rip-rap.Cu. yd. 3.20 

Cobble gutter.Cu. yd. i .68 

Laying 8'' corrugated metal pipe.Lin. ft. 1 .08 

Laying 12'' corrugated metal pipe.Lin. ft. i .03 

Laying 14'' corrugated metal pipe. .Lin. ft. i .02 

Laying 16'' corrugated metal pipe . . Lin. ft. i .14 

Laying 18^' corrugated metal pipe . . .Lin. ft. r .25 

Laying 20^' corrugated metal pipe.Lin. ft. r .26 

Laying 24'' corrugated metal pipe.Lin. ft. i .63 

Laying 30'' corrugated metal pipe.Lin. ft. 2. ii 

Wood guard rail. .Lin. ft. 0.69 

Cable guard rail.Lin. ft. 0.80 

Reinforcing steel. .Lbs. 0.09 

Texas 

Unclassified roadway excavation. $ 0.17 

Common roadway excavation. 0.20 

Solid-rock roadway excavation. 1.25 

Dry-channel excavation. 0.20 

Wet-channel excavation. 0.70 

Excavation for culverts, Class A. 0.70 

Excavation for culverts, Class B. i .00 

Excavation for culverts. Class C. 3.00 

Excavation for bridges. Class A. i .00 

Excavation for bridges. Class B. 2.00 

Excavation for bridges. Class C. 6.00 

Borrow. 0.17 

Stripping material pits. 0.17 

Overhaul. 0.04 

Road grader work. 6.00 

Subbase complete in place. 

Shell furnished, exclusive of freight, etc. 0.85 

Crushing and screening. 1.40 

Extra rolling base and surface courses. 3-50 

Sprinkling. 2.50 

Water hauled additional mile. 1.50 

Material hauled additional quarter. 0.07 

Gravel base course. 0.47 

Crusher-run broken stone furnished. 1.30 

Standard gravel surface course complete in place. 0.50 

Double bituminous surface treatment complete in place. 0.30 

Triple bituminous surface treatment complete in place. 0.48 

Bituminous-macadam surface course complete in place. i. 10 

Two-course limestone rock asphalt surface course. 0.56 

Sheet-asphalt pavement complete in place. i .65 

Concrete pavement complete m place. 2-35 

Reinforcing steel for pavements complete in place. 0.05 

Untreated bridge timber complete in place. 80.00 

Treated timber complete in place. 110.00 

Class A concrete complete in place. 20.50 

Class B concrete complete in place. 20.00 

Class C concrete complete in place. 20.00 

Class D concrete complete in place. 23.00 

Reinforcing steel (structures) complete in place. 0.05 

Structural steel complete in place. 0.08.' 

Treated timber piling complete in place. i. 10 

Precasc concrete piling complete in place. S 00 

Wire-cable ^ard railing complete in place. 0.60 

Wood guard railing complete in place. 0.50 

Concrete railing for structures, type C complete in place. a. ao 

Concrete railing for structures, type D complete in place. a.SO 
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Table 126 —Continued 

Idaho 


Solid rock, |i.i6 per cubic yard. 

Loose rock, 50 cts. per cubic yard. 

Earth, 28 cts. per cubic yard. 

Class A concrete, $28.34 per cubic yard. 

Class b concrete, $27.06 per cubic yard. 

Reinforcinj? steel, 6.5 cts. per pound. 

Hand-placed rip-rap, $3.50 per cubic yard. 

I^ose rip-rap, $2.44 per cubic yard. 

Guard rail, 78 cts. per linear foot. 

Crushed rock or gravel surfacing, $1.66 per cubic yard. 
P'ain concrete pavement, $1.84 per square yard. 
Bituminous-concrete pavement 1 1.67 per square yard. 
Pavement subgrade preparation. 4.7 cts. per square yard. 
Gravel subba.se for pavement. $1.50 per cubic yard. 
Crushed-gravel shoulders. $1.85 per cubic yard. 

Hauling and placing galvanized-pipe culverts: 

I 2 '\ 27 cts. 
is". 35 cts. 

18". 50 cts. 

24'', 64 cts. 

30", $1.38 
36". $1.40 

Hauling and placing concrete culvert pipe: 

12". 43 cts. 

18". 55 cts. 

24". 55 cts. 

30", 75 cts. 

36", $1.25 


New Mexico 


Item Unit 

Class I excavation. .Cu. yd. 

Class 2 excavation. .... . Cu. yd. 

Class 3 excavation.Cu. yd. 

Class I borrowt. Cu. yd. 

Overhaul. . . . Sta. yd. 

Clearing and grubbing, overhaul. Acre 

Class A concrete. Cu. yd. 

Class B concrete. Cu. yd. 

Concrete i; 2:3 (structures).Cu. yd. 

Mortar rubble masonry. Cu. yd. 

Rip-rap. Cu. yd. 

Grouted cobble-stone apron. Cu. yd. 

Spillway base course. Cu. yd. 

Concrete pavement 1: 2:3. Cu. yd. 

Two-course crushed-rock surfacing. Cu. yd. 

Two-course crushed-caliche surfacing.Cu. yd. 

One-course gravel surfacing. Cu. yd. 

Gravel surfacing (bridge floors). Cu. yd. 

Clay or caliche plating. Cu. yd. 

18" diameter 16 (^a. C. M. C. Lin. ft. 

24" diameter 14 Ga. C. M. C. Lin. ft. 

30" diameter 14 Ga. C. M. C. Lin. ft. 

36" diameter 14 Ga. C. M. C. Lin. ft. 

24" diameter reinforced-concrete pipe . Lin. ft. 

30" diameter reinforced-concretc pipe.Lin. ft. 


Average 
Unit Bid 
$ 0.296 
0.825 
2.17 
0.265 
0.045 
30.00 
26.16 
25 61 
20.70 
10.67 
2.50 
10.00 
2.17 
14.19 
3.37 
1.8s 

1.70 
2.89 

0.77 

2.4s 

3.09 

3.71 
3.47 

3. SO 

5.00 
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imrr prices bredoe and gradb-crossino work 

Compiled, ipas, by W. G. Harger for Western New York Conditions 


Item 

number 


Clearing and grubbing. 

Earth excavation (borrow pit). 

Earth excavation roadway, common. . 

Earth excavation foundations and cul¬ 
verts (dry) 

Earth excavation foundations and 

culverts (wet). 

Earth excavation slip scraper ditch 

work. 

Earth excavation sewers. 

Backhll (abutment.*;). 

Rock excavation common roadway 

(shale). 

Rock excavation common roadway 

(hard)... 

Rock excavation in foundations (dry) 
Rock excavation in foundations (wet) 
Rock excavation removing old 

masonry. 

Overhaul. 

Sewer pipe. .. 

4'' underdrain. 

6" underdrain. 

Relaying old pipe. 

12" cast-iron pipe (medium weight).. 
ia" cast-iron pipe (medium weight). . 
10" cast-iron pipe (medium w^eight). . 
18" cast-iron pipe (medium weight). . 
20" cast-iron pipe (medium weight). . 
24" cast-iron pipe (medium weight). . 
30" cast-iron pipe (medium weight). . 
36" cast-iron pipe (medium weight). . 
Pointing old masonry. 

Ifc:;:::;:;:::::;;;;:;;;;:;:: 


Timber and lumber. 

Portland cement......' 

1:2:4 concrete^ Hack arch floor). 

1:2:4 concrete (formed floor). 

i: 2: 4 concrete' (slabs). 

i: 2:i concrete' (trestle designs). 

1: 2 W: 5 concrete' foundations. 

x:2>^:S concrete' abutments (large 

work). 

1 : 2 }^:$ concrete' abutments and 

pedestals (small). 

1:3:6 concrete' pipe jackets. 

Concrete' curbing. 

Curb bar. 

Concrete gutter (cement inch). 

Cobble gutter (cement joints). 

Metal reinforcement concrete pave¬ 
ment . 

Bar reinforcement concrete pavement 
Structural steel 

Truss bridges. 

Plate mrders. 

Rolled stringers. 


Special each case 
$ 0.70 per cubic yard 
0.90-1.50 per 

cubic yard 
2.00-2.50 per 

cubic yard 

4.00 per cubic yard 

0.7s per cubic yard 
Included in pipe price 
1.2$ per cubic yard 

2.00 per cubic yard 

2.50 per cubic yard 
6.00 per cubic yard 
8.00 per cubic yard 

4.00 per cubic yard 
j 0.007-0.01 per 
I station yard 

i (See sewer diagrams) 

I o .25 per linear foot 
0.35 per linear foot 
0.20 per linear foot 

3.50 per linear foot 

4.50 per linear foot 
S. 70 per linear foot 
7.00 per linear foot 

8.50 per linear foot 
10.00 per linear foot 
iS-oo per linear foot 
20.00 i>er linear foot 

0,0$ i>er square foot 

2.50 per cubic yard 
0.90-1.20 per 

linear foot 
80.00 per thousand 
3.20 per barrel 
18.00 per cubic yard 
20.00 per cubic yard 
20 .00 per cubic yard 
25.00 per cubic yard 
10.00 per cubic yard 

14.00 per cubic yard I 

16.00 per cubic yard 
10.00 per cubic yard 
25.00 i>er cubic yard 
0.30 per linear foot 
x8.00 per cubic yard 
1.25 jKjr square yard 

0.03s per square fool 
0.05 per pound 

0.075 per xKmnd 
0.07 per pound 
0.06 per pound 


' Coacrete prices do not include cement. 
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UNIT PRICES—Con/inu«i 


Item 

number 

Item 

Unit price 

32a 

Bar steel (in structures) .! 

|o. 06 to |o. 07 per pound 

33 

Mi.scellaneous iron and steel. 

0.10 per pound 

33 ^ 

Corrugated iron for bridge floor jack 


arches. 

0.20 per square foot 

34 

Wooden guide rail. 

0.75 per foot 

35 

Cable guide rail. 

1.25 per foot 

36 

Concrete gfuide posts. . . . 

3.25 each 

37 

2*' pipe railing. 

3.00 per foot 

38 

Preparing fine grade. 

0.10 per square yard 

JO 

Run-of-bank gravel foundation 

3.00 per cubic yard 

41 

Field or quarry-stone foundation 

1 4.00 per cubic yard 

42 

Run-of-bank gravel bottom ... 

1 3.50 per cubic yard 

44 

Broken-slag bottom. 

1 6 00 per cubic yard 

45 

Broken-stone bottom. 

t 7 00 per cubic yard 

46 

Concrete foundation for pavement 

(cement not included) 

j 7.00 per cubic yard 

47 

Bituminous-macadam top (bitumen 

not includt'd). 

j 9.00 per cubic yard 

51 ^ 

Concrete pavement (cement not in¬ 


cluded) . . . 

! 10.00 per cubic yard 

54 

Brick pavement*. .. ... 

! 3 -50 per square yard 

55 

Stone-block pavement*.. 

1 5 • 50 per square yard 

56 ^ 

Trimming shoulders. 

0.10 per linear foot 
; of road 

61 

Broken slag (loose). 

j 4.00 per cubic yard 

62 

Screened gravel (loo.se). 

! 3.00-4.00 per 

j cubic yard 

63 

Bpken stone (loose)... 

j 4.50 per cubic yard 

66 

Bituminous material A (penetration) 

0. ts per gallon 

71 

Bituminous material T (penetration^ 

0.17 per gallon 

75 

Maintaining tratVic . . 

0 20 per foot 

76 

Resetting wooden guide rail 

1 0.50 per foot 


Waterproofing. 

0. 10 per square foot 


♦ Docs not include concrete base. 


Xfisiellaneous I term 

Labor raising track . I o 80 per linear foot per foot raise. 

Pile temporary track protection dur¬ 
ing construction of railway bridges 30.00 per foot per track. 

Cost of Interurban Electric Track Work 
Ballast, ties, poles and wiring I5 per ft. single track. 

Steel rails. . 1 1.50 per ft. single track. 

The sample preliminary reports following illustrate the methods 
in common use for high-type roads covering pavements, bridges 
and railroad-crossing problems. Reports of this character will 
rarely differ from the final cost of construction by more than 15 %. 
While photographs increase the value of these reports, they are 
not so essential as for new locations. Notes on photography are 
given on page 8x8. 
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6 . Sample Preliminary Pavement Design Report 


MT. MORRIS VILLAGE STATE-COUNTY HIGHWAY, LIVINGSTON 
COUNTY, NEW YORK STATE 


“i. Location and Length. —The proposed improvement extends from the 
south corporation line at Buck Run northerly along Main Street to State 
Street, a distance of approximately 48oo^ and on Chapel Street from Main 
Street to Clinton Street, a distance of approximately 400'. This construc¬ 
tion will complete the state system through Mt. Morris Village and furnish 
the final connecting link between the following previously improved roads: 
Nos. 482, 8sS. 5270. and 5665. 

“3. Grades and Alignment.—The grades are easy and the alignment 
straight. No grade reductions will be required nor will any rights of way 
be necessary to improve the alignment. 

**3. TraflEic Classification (Based on Traffic Classification Map'). —This 
road is Class II from Stas, o to 26 (Buck Run to Erie Street) and on the 
verge between Class II and Class I from Stas. 26 to 48 (Erie Street to State 
Street). From Stas. 26 to 48 it lies in the business section of the village 
and takes all traffic to the Erie Ry. station. 

“4. Suitable Types of Pavement (in Respect to Traffic Classification).- - 
Between Stas. 0 and 26 (Class II traffic) either bituminous macadam or 
reinforced cement concrete are suitable. 

“ Between Stas. 26 and 48 (Class I traffic) either brick or asphaltic concrete 
on concrete bases or reinforced cement concrete arc suitable. (For suitability 
of pavements see Table 2, p. 6.) 

*'S. Soils.— The subgrade soils are as follows: 


Stas, o- 4 . 

Stas, 4- 7 , 

St.is, 7- 22 

Stas. 22- 48 

Stas. 880 -884.. 


Ordinary loam 
(Quicksand 
Ordmarv hjam 
Ora veil y soil 
Gravelly soil 


“6. Equal Strength Design (Based on Tables 153. and 154, pp. 959 ).— 

Considering the above list of soils and that the road is entirely in cut. the 
following depths of pavement are recommended: 


Tor\L Pavement Thickness in Inchi 


Type 



Location 

Biturni- 
' nous , 

macatlam 

1 

Rcinforcc<l 
concrete 
0.65 lb. 
per square j 
1 foot 

1 1 

j" asphal- 
tic- 

cnnirete 
surface on 
[ concrete 
ba^e 

^ 4" brick 
on con¬ 
crete base 

Stas. 

0- 4 . 

1 

I.J j 

! 8 

10 j 

11 

Stas. 

4 - 7 . 

24 

1 8' 

10* 

II* 

Stas. 

7- 22 


8 

10 ! 

11 

Stas. 

22- 48 . 

1 

to 

7 

9 

10 

^Stas. 880-884. 

. .| 10 

7 

9 

10 


‘ Bottom and top reinforcement and subbasc. 
’ Gravel subba.sc. 


“7. Materials Available.—Local sand and gravel fit for concrete paving 
base, culverts, or subbase bottom courses are available as follows: 

“(travel pit owned by village of Mt. Morris located 2000' (downhill haul) 
west of Sta. 46. This gravel if screened oupht to to be suitable for the coarse 
aggregate for concrete paving base, but is not probably good enough for 
concrete pavement. This pit has been sampled 7“914 and submitted to 
Albany for approval. The price of this gravel is 75 cts. per cubic yard at 
the pit. This gravel is suitable (pit run) tor subbase under macadam, Stas, 
o to 33, Seven thousand cubic yards are available. 




T.\ble of Comparawe Costs 
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“Sand pit, owned ^ Jerry Donovan, located 2 miles west of Sta. 46. 
Unlimited c^antity. Rather uniform fine-grained sand. Field test showed 
3% loam. Probably good for any grade of concrete except concrete pave¬ 
ment. Sample 7-913 taken and submitted to Albany for approval. Price 
at pit 50 cts. per cubic yard. 

“Imjjorted sand fit for any grade of concrete can be obtained from the 
valley sand, Pennsylvania Ry. delivery at $1.45 per ton, f.o.b. Mt. Morris. 
Screened gravel from the same source, 1 1.35 per ton, f.o.b. Mt. Morris. 

''Imported crushed limestone acceptable for all work can be obtained from 
Lc Roy, Is.05 per ton, f.o.b. Mt. Morris, Erie Ry. delivery. 

"Crushed slag fit for macadam bottom course, I2.3S per ton Erie Ry. 
delivery. 

"Brick, —141.50 per 1000. f.o.b. Mt. Morris, any railroad. 

"Cement. —12.35 . f.o.b. Mt. Morris (bags returned). 

"Water .—Village water supply. Hydrants located at frequent intervals. 

"Old Macadam .—In order that the new grade line be placed at the proper 
elevation to fit the sidewalks about 900 cu. yd. old macadam will have to be 
excavated. This can be screened and reused as macadam bottom course 
between Stas. 0 and 26. 

“8. Comparative Cost Estimates.—The comparative cost estimates are 
based on the eaual-strcngth depths recommended in Art. 6 of this report and 
on the material prices quoted in Art. 7 of this report. Labor at 35 cts. i)er 
hour. 

“The maintenance and renewal estimates are based on modified depart¬ 
ment records (see Table 97, p. 520). 

“The difference in motor operation cost for the different types of surface 
(see Table, 68 ) W’ould not add over 2 cts. per square yard per year to the 
to^l yearly cost of macadam as compared with Class A surfaces, which 
brings the total estimated cost of the last column up to 27 cts., for bituminous 
macadam, Stas, o to 26. 

“From the standpoint of both original and final cost there is a very evident 
advantage for macadam Stas. 0 to 26. The local people have no particular 
preference as to type of pavement for this portion of the road. Local prefer¬ 
ence would be the only factor entitled to modify decisions based on the cost 
analysis, provided the additional cost is paid locally. As this factor need 
not be considered, bituminous-macadam pavement is recommended from 
Stas, o to 26. 

“Prom Stas. 26 to 48, local preference must be considered. The village 
proTOses to pay the additional cost introduced by such preference as to type 
and extra width desired. Under these conditions the cost analysis is of value 
only as indicating proper state cooperation. Article 10 gives alternate total 
estimates of cost to enable the village to come to a reasonable decision as to 
the tyw they will ask for. 

**9. Reconunended State and County Cooperation Based on Final Cost 

(Art. 8) .—The state would t>c justified in limiting their cooperation to the 
cost of 16' bituminous-macadam pavement. Stas. 0 to 26. and an 18' rein- 
forced-concrcte pavement, Stas, 26 to 48 and 880 to 883, with ordinary 
surface-drainage provisions. This would amount to approximately I3S.000. 
This is not an excessive amount if the funds are available (see Table 7. 
p. 15), considering the volume of traffic served (about 1500 daily). 

“I understand that the rules of the Department limit cooperation to the 
construction of a 16' road of the same type already constructed outside of the 
village. This rule would limit cooperation to a 16' bituminous macadam 
which would cost approximately >30,000 for this locality. Under these 
circumstances it seems desirable to set the cooperation at $30,000. 

*^io, Prelintinary Cost Estimates.—The following estimates have been 
prepared to give the village authorities some basis for decision as to ^pc 
anq width. These estimates are rough preliminary figures subject to final 
revision after the plans are worked out in detail. They are, however, liberal 
and will in all probability exceed the final figures by from 10 to 15 %. Side¬ 
walks, curbing, and storm sewers are itemized separately to permit the 
village to estimate general and local charges. The pavement widths used 
have been tentatively approved by the village board and are listed as follows 
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Width, feet 


18 (no curb). 

Stas. 

0 - 

16 

20 (no curb). 

Stas. 

16 - 

26 

34 (curb). 

Stas. 

26 - 

36 

34-60 (curb). 

Stas. 

36 - 

39 

60 (curb). 

Stas, 

3 Q 

48 + 

40 (curb). 

Stas. 

880 + 37- 

883 +66- 


A complete system of storm sewers is provided. The unit prices for the 
major items are as follows: 


Adopted Unit Pricks 

Excavation. Si.oo cu. yd. 

Gravel subbase. 2.20 cu. yd. 

Macadam bottom (old macadam reused). 2.50 cu. yd. 

Macadam bottom (new slag). 4.80 cu. yd. 

Bituminous-macadam top (limestone). 8.00 cu. yd. 

Bituminous Mat. A (penetration macadam). 0.12 gal. 

7'^ reinforced-cement-concrete pavement. 2.70 sq. yd. 

3'' asphaltic concrete on 6" cement-concrete base. 3.10 sq. yd. 

4" bnck, cement-sand cushion, 5" cement-concrete base. . 4.10 sq. yd. 

Sidewalk. . . 0.25 sq.ft. 

Curb (concrete). 0.90 lin. ft. 


Alternate Total Estimates 
Estimate i 


Bituminous macadam 10, 13, and 24" thick 

1. Excavation. 1 12,000 

2. Curbing. 6,000 

3. Sideivalks. 3,000 

4. Special drainage. 9.000 

19,200 sq. yd. bituminous-macadam pavement at 11,90. 36,000 

Incidentals. 3,000 


Total. S6o,ooo 

State and county cooperation. 30.000 


Total village share.539.000 

Estimate 2 

Bituminous macadam, Stas. 0 to a6. 

Reinforced cement concrete, Stas, 26 to 48 and Chapel Street: 

Items 1-4 (Estirnate i). l30,ooo 

13.600 sq, yd. reinforced-concrete pavement at 52.70. 37,ooo 

5,600 sq. yd. bituminous macadam at 51.60. 9,000 

Incidentals. 3.000 


Total. 570,000 

State and county. . 30.000 


Total village share.549.000 

Estimate 3 

Bituminous macadam, Stas, o to 26. 

3" asphaltic concrete on 6" concrete base. 26 to 48 Chapel Street: 

Items i“4 (Estimate i).530,000 

13,600 sq. yd. asphalt pavement at 42,000 

5,600 sq. yd. bituminous macadam at 51.60. 9,000 

Incidentals. 3,000 


Total. .584,000 

State and county cooperation. 30,000 


Total village share. 554«00o 
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Estimate 4 


Bituminous macadam. Stas. 0 to 26. 

4'' brick, cement-sand cushion, and 5" concrete base: 

Items 1-4 (Estimate i). . $30,000 

13.600 sq. yd. brick pav'ement at I4.10 . . 56,000 

5,600 sq. yd. bituminous macadam at li.oo. 9,000 

Incidentals. 3,000 


Total. . . $98,000 

State and county cooperation . .30,000 


V^illage total. . ... $68,000 


Signed 

Designing EnKiuoir." 


Remarks. —For the interest of the reader actual procedure on 
this road was as follows: The contract was let for rcinforced- 
cement-concrete pavement, Stas, o to 26, and brick pavement, Sta.s. 
26 to 48, the local people paying the excess cost over and above the 
state-fund limit advised in the foregoing report. This was a 
rational solution, considering local preference and willingness to 
assume added cost. 


PRELIMINARY INSPECTION AND DESIGN REPORT. BRIDGE i, 
ROAD 767. MONROE COUNTY, TOWN OF PERINTON 


** Location.— O. K., provided channel is straightened as per general layout 
and 10® skew bridge used. See page 1007. Typical Bridge Plan.s. 

“Waterway Area. —Drainage area, 27 sq. miles. Probable ma.ximum run¬ 
off 3500 sec.-ft., from natural watershed. Takes also spillway run-off from 
barge canal. Probable total maximum 4000 sec.-ft. High-walcr data very 
definite at the badge. .No doubt but what 500-sq. ft. flow area is about 
right with flood velocity about 8' per second. Old structure 42' clear span. 
Use 45' clear span with 2' debris clearance above 392.2 extreme maximum 
flood elevation. 

“Channel Improvements. —Inlet channel needs straightening to increase 
flow capacity and reduce scour at southwest wing. Approximately 4000 
cu. yd. of excavation are required for channel and abutments. Of this 
amount approximately 2500 cu. yd. are fit for road-approach fills. 

“Road-approach Grades. —The future reconstruction grade and alignment 
have been worked out at this bridge. This alignment is used for the new 
bridge. The west approach grade agrees with the proposed future graile. 
There is not enough good channel excavation to rai.se the east approach to 
the future grade, so an easy run-off has been designed utilizing ail the good 
channel excavation and making this grade as near as po.ssiblc to the future 
grade, considering limitation of fill material. For a separate bridge job we 
did not feel justified in stipulating additional east approach w'ork, which is 
strictly a road reconstruction charge. 

“Road-approach Pavement.— Same type as existing pavement—grave 1 
bottom, macadam top. 

“Bridge-foundation Conditions. —Fine sand (almost quick.sand).' Piles 
will be needed. Figure on 30' piles. Length ordered in leads to be deter¬ 
mined by test piles, 

“Type of Stnicture.—Steel I-beam superstructure adopted as the most 
suitable and economical type. 

“Through plate girder rejected on account possible future widening. 

“Concrete T-beam design rejected on account of difficulty of forming; 

‘epth. 

1926 traffic count 2000 

... ..... ... ^_. th gives approx. 4000 to 

5000 vehicles in 12 hrs. A 30' bridge will easily handle 7000 to 9000 in 10 hrs. 
No sidewalks needed. No gas mains at bridge. Provide contingent allow¬ 
ance for maintaining traffic. 
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Cost op Structure 

Estimated contract cost. I3S.000 

Engineering and contingencies. 4 . 000 

Total appropriation. l39,ooo 

Actual final cost, allowing for bid cuts and the elimination of contin¬ 
gent items probably not needed about. .... 126,000 

Engineering. .... 2,000 

Probable final cost. 128,000 

Cost of Preliminary Engineering 

Survey (Harger and Anderson). . I 11 

Borings (Anderson). 80 

Design and estimate (Harger). 68 

Tracing (Leonard). 22 

Checking and right-of-way maps (Anderson). 60 

ToUl. $241 


of the estimated contract cost. 

** Equipment Required: 

Cflam shell excavator (general-utility truck crane) 

Pile driver (steam or drop hammer) 

I- or 2-bag batch concrete mixer 
Roller 

Necessary trucks, teams, and wagons 
Necessary small tools, plows, scrapers, etc. 

Power pump for foundation drainage. 

“ Materials: 

Bottom-course gravel (local), short haul 
Crushed-stone macadam (imported) 

Concrete materials (importea) 

Piles (local) 

Rip-rap (local fence stone), s-mile haul maximum. 

{Signed) 

Bridge Eng. 


SAMPLE PRELIMINARY GRADE CROSSING 
ELIMINATION REPORT 

The following report illustrates specific cases where elimination 
by relocation on structure seems the proper solution. Preliminary 
reports of this nature set the general scheme. Detail design reports 
are given in Chap. IX, page 642 . 

REPORT FOR CROSSING 68 GENESEE h WYOMING VALLEY RY. 
ROAD soai. TOWN OP CALEDONIA, COUNTY OF UVINGSTON, 
PUBLIC SERVICE CASE 3385 


Assessed valuation town of Caledonia (1925) .l3.400,000 

Maximum permissable town share of construction cost permitting 

mandatory order. I 28,000 

Maximum permissable total cost of elimination permitting 
mandatory order. $ 113,000 
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List of Elimination Projects in Caledonia on the State Road System 
IN Their Order op Importance on Completion of the State System 










c 




ci 

>, 


s 

Danger index in 
1930 



5cr 

•3 1 

Order of town 
importance 

Index map cr 
number 

Road number 

Railroad 

Order of' impor 
of railroad in 
tion 

Approximate to 
estimated cost 
(includes prop< 
damage) 

1* 

38 

24.000 

5273 

'Penn & Erie 

Penn 2 $ 105.000 to i6o.ooo| 

2 

16 

18,000 

5021 

Erie 

2 

130,000 

3 

93 

15.000 

Scotts- 

ville-S 

Lehigh, M. L. 

10 

1X5.000 

4* 

68 

14.000 

5021 

G. & WL V. 

I 

100,000 

5 

41 

5.000 

5021 

N. Y. Central 

41 

iRo.ooo 

6 

40 

4.000 

5273 

Erie 

13I 180,000 I 

7 

94 

3.000 

Scotts- 

N. Y. Central 

44 

90,000 

8 

95 

3.000 

ville-S 

Scotts- 

Erie 

17 

100,000 




ville-S 




9 

76 

2.000 

5593 

G. & W. V. 

2 

90,000 

10 

x8o 

1,000 

5593 

Erie 

21 

Road relocation 




Total 

All elimina¬ 
tions in town 

\ 

/ • ■ ■ 

^11,140,000 


^ Considers completing routes as well as relative danger. 

> Cost will probably reduced to 1105,000 due to Erie abandonment of 
switch. 

* P S. Case 3385. 

Discussion.—The proper solution of Crossing 68 Public Service Case 3385, 
Genesee and Wyoming Valley Ry. at Road 5021, Town of Caledonia, 
depends on the proposed treatment of three other Erie Ry. Crossings 
16.40, 180 and two town road crossings (see attached map); that is, Crossing 
68 cannot be considered as an independent separate project. 

There is no question but what from the standpoint of safety it is desirable 
sometime in the future to relocate Road 5021 keeping it south of the Erie 
tracks from Crossing 16 to Road 5273 crowing the Genesee and W^yoming 
Valley Ry. south of the Eric Junction (Crossing 68a on map). This relocation 
with one elimination 68a Genesee and Wyoming Valley will eliminate three 
state road crossings on State Tourinff Route s, one crossing on State Road 
5593 and two town road crossings. It will reauce the crossings on travel to 
Rochester from the west by one crossing and will increase the safety at the 
remaining Crossing 40. as this crossing is much safer than any other on the 
route due to station stop, wide street, etc. When Road 5021 is relocated, 
the first town road, about 800' east of Crossing 16, will lie left open for local 
outlet; this is a comparatively safe crossing at right angles to track, with 
level grade and good sight distance. Crossings 16, 180. and Church Street 
will be closed to traffic and Crossing 68a eliminated by overhead bridge. 

This relocation scheme will be difficult to work out immediately but 
should be worked in on reconstruction of Road 5021 and it therefore seems 
desirable to take care of Crossings 16, 68, 40, and 180 by means of flash 
signals at once which will serve very well until the relocation can be worked 
out. 

The most important elimination needed at once in Caledonia is Crossing 38 
Penn Ry. Road S273. 

At the last hearing a study was suggested of the possibility of a short 
relocation of Road 5021 from CrossiM 16 keeping south of the Erie tracks 
to the junction with the G. & W. V. Ky. and making one elimination across 
both Erie and G. W. at the junction coming back on Road 5021 east of 
Crossing 68. This solution seems obviously short sighted from a study of the 
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map and the preceding statement of the general problem and this would 
also materially increase motor operation costs on Route 5. Increase in 
motor operation costs for year would be approximately 112,000; capitalized 
value of increased cost, approximately $245,000. 

Signed 

Grade Crossing Engineer 
Div. No 4 
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ioration due to rust and vibratory fatigue. 

















CONDEMNATION OF BRIDGES 779 

CONDEMNATION AND TEMPORARY REPAIR OF WEAK 
BRIDGES 

The determination of safe load for old bridi^es is a very difficult 
matter due to uncertainty as to the condition of old steel and 
timber. The reduction in strength of standard shapes due to 
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age and fatigue is so indefinite that very conservative assumptions 
should be made and a large factor of safety used. 

In computing safe loads for old bridges the structure should be 
very carefully examined and measured up for condition of floor 
planking, stringers, and their connections; floor beams and con¬ 
nections, and all truss members. 

As a general rule, old steel bridges are weakest in the items of 
stringers, somewhat stronger for the floor beam design and floor 
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beam hangers, and the strongest generally in the trusses (see table 
page 778 giving the analysis of a number of old bridges inspected 
111 1926). 

This general condition of relative weakness makes it possible in 
many cases to quite materially increase strength without complete 
rebuilding by strengthening the floor system. 

For the effect of depth and type of flooring on distribution of 
wheel loads to stringers, see Chap. XIV, page 1042. Chapter XIV 
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Typical bridge floor repair and strengthening road 485. 

also contains all necessary tables for computing safe loads on 
stringers, floor beams, hangers, etc. (see pp. 1026 to 1087). 

Sketch Rd 485 shows a typical temporary repair which 
reduces impact by the use of double flooring, increases stringer 
strength by the use of additional timber stringers, and reduces 
noise by timber stringer caps. In this particular case new floor 
beam hangers were not required nor was it necessary to strengthen 
trusses by supporting bents. 
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MEMORANDUM FOR H. E. SMITH: REPAIR OF BRIDGE 
I, ROAD 485, TOWNS OF BLOOMFIELD AND LIMA, 
COUNTIES OF ONTARIO AND LIVINGSTON 

Pursuant to your request of recent date, Bridge i Sta. 0+00 
Road 485 was inspected by W. G. Harger and R. W. Anderson on 
May 25, 1926. 

Recommendation.—We recommend that the floor on tliis bridge 
be rebuilt at once, that the diagonal tension members and cross¬ 
braces be tightened up at once, and that the bridge be replaced 
with a new' modern structure as soon as funds become available. 

The life of the existing bridge can be increased by proper floor 
construction which will reduce the impact of rapidly moving road 
vehicles. Sketch of suggested floor construction is attached (pages 
779-780.) 

We also recommend that this bridge be posted for 6 tons gross 
load after the floor has been repaired or for a gross load of 2 tons in 
its present condition and that a speed limit of 5 miles per hour be 
required for loads of over 2 tons gross weight. 

(Signed) 

W. G. Harger 
May 25, 1926. 


PRELIMINARY INVESTIGATIONS FOR ROADS IN 
PIONEER DISTRICTS 

Reports of this nature cannot be figured so accurately as for 
high-type roads, but if carefully done should not vary over 25% from 
the final construction cost. The cost of preliminary investigations 
depends very largely on the character of the country, the methods 
employed, and the travel necessary to get to the work, and will 
range from $2 to $40 per mile. A fair average cost for work similar 
to that done by the U. S. Office of Public Roads in the mountainous 
districts of the West is $10 per mile for ordinary cases and $30 per 
mile for a plane table sketch survey in difficult country. 

Ordinary Preliminary Investigations.—The improvement to be 
investigated generally consists of a combination of betterments of 
existing roads with a large percentage of relocation of the old road 
or the new location of a highway where no road of any kind traverses 
the territory. The length of these projects ranges from 5 to 150 
miles. The engineer generally receives orders to report on the 
best general route and approximate cost of a road between definite 
terminals, which requires more general investigation than that 
called for in the preliminary reports on the high-type roads previ¬ 
ously discussed. 

The field work is usually done by one or two men on foot or on 
horseback. All possible different routes are examined. As a 
rule, this general examination eliminates all but one or two possi¬ 
bilities, which are examined with care, sufficient notes, photographs, 
etc., being taken to make a reasonably close estimate of cost. 
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The selection of general route is based on a comparison of the 
following factors for the different routes: 

1. Best location for the development of the country. 

2. Longest open season for use. 

3. Least rise and fall. 

4. Feasible ruling grades. 

5. Length and cost. 

The following engineering equipment will cover all requirements 
for obtaining the general data and the detailed information required 
for a reasonably close cost estimate. 

2 aneroid barometers 2J2 or 3" dial in leather carrying cases. 

Tested for range of altitude needed. 

I Abney level reading to degrees and per cent. 

I pocket compass 2 " floating card dial or, if desired. 

I prismatic compass (card dial preferred). 

I 4A Kodak with folding tripod. 

Notebooks, e.xisting maps, etc. 

In rolling topography it makes no difference in which direction 
the line is traced, but where elevation is developed on a ruling grade 
the work should be done from the highest point downhill. 

Where aneroid elevations must be depended on, considerable enre 
must be exercised. If one aneroid can be left at a stationary point 
and its fluctuations read at intervals during the day, very accurate 
results can be obtained when the field aneroid is corrected for the 
fluctuations, but this is not feasible fur work of this kind, as a rule, 
and aneroid elevations are, to say the least, uncertain. Where used, 
two instruments should be carried; when reading they should be 
held horizontal and the crystal rapped sharply with the finger nail 
to free the needle if caught, w'hich often happens. Any important 
elevations should be determined at least twice, and a return trip 
made to the original datum point to check the instrument. 

The general rise and fall can be determined by the aneroids. 

The approximate location of the road for different ruling grades 
can be traced with the Abney level. 

A rough traverse can be run with the pocket compass or pris¬ 
matic compass. 

Distances can be obtained by pacing (pedometer or hand counter) 
by timing if on horseback, by scaling from reliable maps, or by auto¬ 
meter if on an existing road. 

Cross-sections are determined by the Abney level and are taken 
and recorded at sufficient intervals to show the general slope of 
the side hill. 

Classification of excavation and the cut slopes at which excava¬ 
tion will stand depends cn the judgment of the engineer but must 
be systematically recorded. 

Drainage should be carefully estimated, particularly the larger 
structures, as this item forms a large percentage of the cost of low- 
type roads. 

Clearing and grubbing are recorded by section. 

Each engineer has his own ideas about notes and it makes little 
difference how the data are recorded so long as they are clearly and 
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definitely set down in such a way that anyone can retrace the route 
and reestimate the cost without additional field work. 

The main faults of reports and notes are that they are not suffi¬ 
ciently clear on facts; they generally run strong on generalities 
and judgment and are not worth the paper they are written on if 
the author is not available to explain in detail. 

A well-arranged report should either summarize the conclusions 
at the beginning and explain in detail later or be indexed so that 
the conclusions can be readily located. A preliminary estimate 
sho..ld be rounded out to even figures, as amounts figured to single 
yards or costs figured to odd figures of less amount than 10% of 
the total cost are merely ridiculous and show that the estimator 
has lost track of the relative accuracy of his work. 

The following form of notes serves in a satisfactory way when 
supplemented by photographs, sketches, and text descriptions. 

Detail suggestions on i)hotography are given on page 818. 

Tables 128 and 129 (^[>p. 786 and 795) serve to give a rough 
appro dmation of the amount of excavation required. 

Drainage costs can be estimated on the standard structures 
required by the state or government for whom the work is being 
done or can be approximated by reference to the various standard 
structures and costs shown in Chap. IV and Table 133 (p. 797). 
Various miscellaneous information convenient for preliminary 
estimates are given on page 796. A rough approximation of 
magnetic declination can be determined from the isogonic charts 
(pp. 800 to 8o()}. 

Explanation of Table 128 (Pages 786 to 793) 

Note. —Quantities determined graphically, using one-way crown 
for single-track roads on all crv)Ss-slopcs; the two-way crown for 
double-track roads on cross-slopes of 5, 10, and 15° and the one¬ 
way crown on cross-slopes above 15°. 

If for any reason it is desired to use a two-way crown on single- 
track roads for cross-slopes below reduce the quantities shown 
in the table by about 25%. Tor the use of a two-way crown above 
15° cross-slope, special computations will have to be made. 

To illustrate the use of this table the approximate excavation 
for the notes shown in Fig. 265 (p. 784) will be figured. 

From Stas, o to 5 tlie natural side or cross-slope of the ground is 
given as 5°. In tliis case a turnpike section can be used, say T-12. 
Turn to page 786 and under ^ec. T-12 for a 5° cross-slope the 
excavation is given as 33 cu. yd. per 100', or 165 cu. yd. for 500 
ft. This will be increased 20% according to judgment for profile 
inequalities which gives 2cx>-cu. yd. earth excavation from Stas, 
o to s. 

From Stas. 5 to 10 there is a 15° cross-slope. Suppose an 
estimate for a minimum-width single-track road S-io is being 
figured. Look on page 787, and for a cross-slope of 15° and a cut 
slope of I : I the taole gives 46 cu. yd. per 100', or 230 cu. yd. for 
500'. Increase this by, say, 20% for inequalities in profile, which 
gives 276 cu. yd. Estimate the percentage of this classed as rock, 
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say, 10%, and the result is 250 cu. yd. for common excavation 
and 26 cu. yd. of solid rock. 

In a similar way estimate Stas. 10 to 20. 

From Stas. 20 to 25 the notes record a ground cross-slope of 35°. 
This calls for a retaining -^^11 section (see p. 792), Sec. W-8 for a 
35® cross-slope. The table gives the following quantities for 100': 
55 cu. yd. of wall masonry, 100 cu. yd. of excavation. 

Multiply this by 5 for 500', add a percentage for inequalities 
of profile, and estimate per cent of solid rock. 

From Stas. 25 to 30 the notes show a rock ledge with a face 
slope of 50°. This calls for a section benched out of the solid 
ledge. See page 793, use Sec. S-8, the minimum single-track 
section for a cross-slope of 50°, which gives 350 cu. yd. Rock 
excavation per 100', or 1750 cu. yd. for 500'. 

If turnout sections for passing rigs are desired, figure the excess 
quantities by referring to the parts of the table dealing with the 
double-track widths. 



Sections Using T-12, T-61, and T-20 
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Notb.—F or lieht scraper work of this kind 1.3 yd. of eacavation are assumed to make I cu. yd. of fill This ratio is used in 
rnputing the balaiice-i section.s in this tabie. 
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As a general rule a retaining wall section should be used when the natural ground slope exceeds 30“, except for solid rock fill which can 

be used up to 40“ slope. ,, , j r cu 

These balanced sections are computed and balanced on the basis that 1.2 cu. yd. of excavation will make i cu. yd. ot ti . 

Where tne cut slopes will standat >2:1 or we have assumed that i cu. yd. of excavation will make i cu. yd. of fid allowingfor rock 
waste that will probably occur. 
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Approximate Quantities Wall Section Minimum 


Single-track Road, Sec. W-8 
Double-track Road, Sec. W-12 



typical sections typical sections 

30° & 35® Slopes 4° ^ Cross Slopes 

Ditch Excavation Makes Borrow Pill Required 

FUl Back of Wall 


Note. —Rough rubble masonry walls to have outside face batter of 3 '^ to 
l' and a bottom width of H the height. The foundation to be carried to 
a firm strata. 



Approxi-mate OtAsiiriKs per ioo' ok Road for W-8 Sec nos ~| 

Natural’ 
Ground , 
Cross 
Slope 

Wall 

j Masonry 

Ditch 

Excavation 
Used in Fill 

Borrow 
Excavation 
for Balance 
of Fill 

Wall 

Excavation 

Waste 

Total 

Excavation 

•30® 

. , 1 

i 46 cu. yd.> 

55 cu. yd. 

None 

15 cu. yd. 

70 cu. yd. 

35® 

55 “ “ ; 

80 “ 

None 

20 •• 

100 •• " 1 

40® 

,100 " “ 1 

30 “ 

90 cu. yd. 

35 “ “ 

I5S •• '* 1 

45® 

|I35 •• *• 1 

45 “ ** 

100 •• •• 

1 

45 '* •* j 

200 " " j 


Table for Minimum Double Track Section W-12 


Natural 

Ground 

Cross 

Slope 

Approximate Quantities per ioo' ^ 

WaU 

Masonry 

Ditch 

Excavation 
Used in Fill 

Borrow 
Excavation 
for Balance 
of Fill 

Wall 

Excavation 

Waste 

Total 

Excavation 

•30® 

35 ® 

K 

45 ® 

-- 1 

65 cu. yd. 

1 90 ** “ ! 

ii 8 o ** *’ 

350 “ " 1 

IOO cu. yd. 
140 “ ** 1 

30 ** “ 

45 ** “ 

None 

None 

200 cu. yd. 
250 •• “ 

15 cu. yd. 
20 “ “ 

45 •• “ 

80 '* *• 

IIS cu. yd. 
160 *• “ 
27s •• •• 

375 ** “ 


Note. —Above 45® groxind slope use Rock Bench Sections, except in 
unaaual cases. 

* Retaining wall section on 30® cross slope is not usually economical. 
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Table of Approximate Quantities Road Benched Out of Rock 



Using S-8, S-io, S-12, S-14, S-16 



• Minimum width single track in rock. 

•• Minimum width double track in rock. 


Approximate Amounts of Embankment and Excavation for 
Different Center-line Cuts and Fills, Cround 
Surface Assumed Level 
(S ee page 794 -) 

Ground Surface Xicvel 



^ A\\\v ■ - \\ 

Ground Surface Level 





Table 129. —Approximafk Yardage per ioo Feet for Cut Sections 
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Table 129. —Approximate Yardage per ioo Feet for Fill Sections Continued 
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MISCELLANEOUS INFORMATION OF VALUE IN MAKING 
PRELIMINARY INVESTIGATIONS AND ESTIMATES 


Table 130.—Conversion Per Cent of Grade to Degrees of 
Vertical Angle 


(For use in tracing grade with transit or Abney Level) 


Per Cent, 


3 

4 

5 

6 

7 

8 


Degrees Per Cent. Degrees 


33' 

9 . 

. 5 ° 09' 

1° 09' 

10 . 

.s'* 43' 

I*" 43' 

11 . 

. 9 ° 17' 

2° 18' 

12 . 

. 6^51' 

2° 52' 

13 . 

. 7° 24' 

3° 26' 

*4 . 

. 7 ° s 8 ' 

4'^ 00' 

4 ° 35' 

15 . 

.... 8 ^ 32 ' 


Table 13 i.—Table of Acres per Station of ioo Feet and per 
Mile for Different Widths of Clearing or Right 
OF Way 


ArRK \C.K 


Width of Strip 



Per ioo' 

Per Mile 

1 

i 

30 ft 

0.069 iu^res 

3.636 acres 1 

40 “ 1 

50 “ i 

0.092 “ 

4.849 “ 1 

0.115 “ 

6.061 “ 1 

60 “ i 

0 138 “ 

7.273 “ 

70 “ : 

0 161 “ 

8.485 “ 

80 “ * 

0.184 “ 

9 697 “ 

90“ I 

IOO “ I 

0.207 “ 

10.900 “ 1 

0.230 “ 

i 12 . 121 j 


Table 132.—Range in Unit Estimate Prices (1918 Cost 
Conditions Rocky Mountain District) 

Clearing and grubbing: 

Sage brush.$ lo-l 50 per mile 

Light clearing. . 20- 60 per acre 

Medium clearing. 60- 150 per acre 

Heavy clearing. 150- 300 per acre 

Excavation: 

Common: . 

Machine turnpiking.$ o. 15-$ o. 25 per cu. yd. 

Wheel scraper and machine finish o. 25- 0.35 per cu. yd. 
Wagon haul and machine finish 0.40- 0.60 per cu. yd. 
Side^hill plow, scraper, and 

machine. 0.35- 0.75 per cu. yd. 
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Table 132— Continued 


Disintegrated rock or dry^ hard clay: 
Considerable hand work or shoot¬ 


ing. 

Solid rock: 

Blasting open cut, per cubic yard o 

Tunnel work. 4 

Retaining walls; 

Rough dry rubber masonry. i 

Mortar rubber. 4 

Concrete. 6 

Timber and lumber.30 

Carpenter work: 

Simple structures... 


0.75- 1.00 per cu. yd. 


... .$5 

Truss framing, etc. 10 


80- 2.00 per cu. yd. 

00- 5.00 per cu. yd. 

00- 3.00 per cu. yd. 

00- 8.00 per cu. yd. 
00-20.00 per cu. yd. 
00-80.00 per cu. yd. 

00-10.00 per M ft. B.M. 
00-20.00 per M ft. B.M. 


Table 133.—.\pproxim. 4 te Cost per Foot of Length, Small 
Dr.-mn'age Strictures 


Size of Opening 


Kind ok Structures 


Vitrified 

Pipe 

Corru- 
«atcd 
Metal 
Pipe j 

• 1 •* 

Cast Iron,Concrete 
Pipe 1 Boxes 

1 

Log 

Culverts 

12" 

$0. Oo 

Si . 25 

$2.00 



15 ' or i6" 

0.90 

1.50 

2.90 



18" 

1. 10 

1.80 

3 40 



24" 

2.00 

2.75 

5 50 



36" 

3-75 

4.00 




48" 


6.50 




2 ' X 2' 




3-75 

$1.50 

2 ' X 3' 




4.80 

1.70 

3' X 3' 




5-40 

2.30 

3' X 4' 




6.00 

2.80 

4' X 4' 




6.75 

3.00 

4' X s' 




8.00 

3.60 

s' X s' 




8.70 

4.00 


♦ Baser! on Iso per ton in pKice. 

♦♦ Based on |io per cubic yard in place. 


Culvert Data.—Local conditions must be considered in prices of 
materials, haul, etc., for a clo.se estimate. 

Table 199 (p. 1080) gives weights of corrugated pipe. 

Table 197 (p. 1079) gives weights of cast-iron pipe. 

Quantities of concrete can be figured from standard designs 
given in Chap. IV. 

Timber in superstructures can be figured from standard designs 
in Chap. IV. 

The summarized data shown in Table 133 will, however, act as 
a rough guide. 
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Table 134.—Amounts of Masonry in Two Abutments and 
Four Wings for Various Heights of Abutment for Small- 
span Timber Bridge Superstructures with 16' 
Roadway 

{11 = height from bottom of foundation to bridge seat) 


H in Feet 

Cubic 

Yards 

Concrete ; 

Ma.sonry 

6 

24 cu. yd. 

29 CU. yd. 

7 

32 “ " 

38 “ “ 

8 

40 “ “ 

49 “ “ 

9 

52 “ “ 

60 “ “ 

10 

62 “ ‘‘ 

74 “ “ 

12 


105 “ “ 

14 

133 ^ 

153 “ “ 

ub 

180 “ “ 

200 “ “ 

18 

230 “ 

260 “ “ 

20 

295 “ “ 

325 “ “ 


Compiled from Plate 74, (p. 265). 


Table 135.—Approximate Amount of Timber in Small-span 
Stringer Bridge Superstructures Having 16' Roadway 
AND Figured to Carry a 20-TON Load 
(Figured from Plate 79, p. 294) 


Clear Span 

Pect B. M. 

Pounds Hardware 

6 ft. 

1000 

70 pounds 

8 “ 

i 1400 

1 90 “ 

10 “ 

I 700 

110 “ 

14 “ 1 

2500 

130 “ 

18 “ 

3300 

150 “ 


Note. —For timber spans 30 to 50', see Plates 81 and 82 (pp. 
301 to 302). 

Pile abutments can be figured from Plate 79, (p. 294). 


Net Volume of Logs in Board Measure. —A convenient approxi¬ 
mate rule for computing the net number of feet, board measure, of 
sawed timbers in logs is as follows: 

Diameter in inches X radius in inches ^ Feet, board measure, 

per foot of log. 


12 
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Example. 

Suppose a log lo' long, 12" in diameter. 

Diameter X radius u r r ^ u j r ^ 

-= number of feet, board measuie, per foot 

12 

of log. 


12 X 6 


6' B. M. per foot X 10' = 60' B. M. 


Steel Bridges. —The diagrams on page 763 taken from various 
sources will serve as a basis for rough estimates on longer-span 
steel highway bridges. They arc figured for a live load of 100 lb. 
per square foot and presumably for a plank floor. They are of 
much lighter construction than called for on heavy-traffic roads 
where solid floors and a heavier loading arc gaining favor. 

These diagrams arc useful as a basis of estimating dead loads of 
old bridges. The amounts of steel for modern bridges is given 
on pages 760 and 761. 

Magnetic Declination. —The following isogonic charts give the 
approximate magnetic declination for states east and west of the 
Mississippi for Jan. i, 1915. The yearly change is given. These 
charts will give a value close enough for preliminary investigation 
pur{X)ses. For meridian determination for location surveys, see 
Chap. XIII, Polaris and Solar Meridians. 


Explanation of Plates pages Hoo and 806 (Taken from U. S. Coast 
and Geodetic Chart) 

The solid lines on these charts are lines of equal magnetic 
declination. 

The dot and dash lines arc lines of equal yearly rate of change in 
the magnetic declination. 

The charts show the magnetic declination for Jan. i, 1915. 

Lines marked “ Fast Declination’’ mean that the north end of the 
magnetic needle points east of true north. 

Lines marked “West Declination” mean that the north end of 
the needle jwints west of true north. 

For localities cast of the line of no annual change the north end 
of the magnetic needle is moving west. For localities west of this 
line it is moving east at the rate shown by the lines of annual 
change. The location of the line of no annual change is shown on 
pages 804 to 806. 
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Fig. 266. —Magnetic declinations (1915). — ( Continued .) 
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Fn,. 266 —Magnetic declinationB (ipis).— (Continued.) 
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Fig. 266.—Magnetic declinations (1915).— (ContimiedL) 
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Pig. 266. —Magnetic decHnitions (1915). — {Continued.) 
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The following sample report shows a form in ordinary use for 
preliminary investigations, which covers the information required. 


REPORT ON PRELIMINARY INVESTIGATION OF THE RED GAP- 
BIG BEAR RANCH HIGHWAY IN PATERSON AND GRANT 
COUNTIES. STATE OF -, 1919 

“State Commissioner of Highways, 

“ Dear Sir: 

“Complying with your request of May 10, a preliminary investigation of 
the proposed Red Gap -Big Bear Ranch Highway was made June i to 10. 

“ There is only one feasible route, via Clear River Ranch, Coal Basin, 
Stray Horse Divide, See Creek, and Blackwater River, a total distance of 
30 miles. This route is free from snow 7 months in the year. A double- 
track road from Red Gap to Coal Basin and a single-track road with turnouts 
and permanent drainage structures for the remaining distance will cost 
approximately |i75,000. 

“In case the entire project cannot be undertaken by one appropriation, 
I recommend the fo’lowing order of construction of the various sections 
shown on the accompanying map (p. 268). 


First in importance... . 
Second in importance . . 
Third in importance .. . 
Fourth in importance 
Fifth in importance 
Sixth in importance.. . 
Seventh in importance. 
The report in detail follows. 


.O4. G 5. 

G 7, 

.G 6. 

G 2, G 3. 

.G I. P 1, P 2, 
P 3. P 4. 

• P 5. 

Signed, 

Field Engineer. 
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(a) Classification of Material. 

(b) Unit Prices Used.. 

(t) Division into Sections. 

(d) Estimate by Sections. 

11. Maps and Photographs. 


Page 
. 807 
. 808 
. 808 
. 808 
. 808 
. 809 
. 810 
. 810 
. 811 
. 811 
. 811 
. 812 
. 812 
. 812 


“The field notes on which this report is based can be found in Field Book 
I 53, Preliminary Inve.stigation file. 


X. Introduction 


“It is proposed to build a new road over Stray Horse Divide connecting 
the valleys of the Clear and Blackwater Rivers and to improve the location, 
grade, and width of the existing roads in these valleys. The highway will 
extend from Red Gap in Paterson County to Big Bear Ranch in Grant 
County, a distance ot approximately 30 miles. It will open up a valuable 
farming section on the upper Blackwater River and will afford more direct 
communication between these two counties. 
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2. Length in Counties and Benefits 

“Paterson County.—Red Gap to Stray Horse Divide, 8 miles. 

“Grant County.—Big Bear Ranch to Stray Horse Divide, 22 miles. 

“Paterson County will be benefited by a better and quicker connection 
with communities to the south and by the large amount of tourist travel 
which will undoubtedly use this road. 

“Grant County will gain a more direct route to an isolated portion of its 
territory and will help the development of a promising farming section on 
the J^per Blackwater River. 

“While none of this road lies in Socorro County, this county will be more 
directly benefited than Paterson County, as the natural outlet for trade 
and produce up the Blackwater lies toward Lochiel. 

3. Methods of Investigation 

“Field Work . —The entire line was covered twice on foot June i to lO, 
noting the controlling points (aneroid elevations), the general classification 
of materials, the side-hill slopes, and reasonable ruling grades. 

“Otfice Work.—The office estimate is based on paced distances checked 
by Forest Service maps and maps of the Clear River R. R. 

“The excavation per running foot on side-hill work is based on cross-slopes 
taken with an Abney level at frequent intervals and is figured on the principle 
of balanced side-hill sections, adding different percentages for inequalities 
in profile. 

“ The classification of excavation is made roughly from notes on the general 
character of the formations. 

“The drainage is approximated for the smaller structures. The larger 
bridges are noted in more detail. 

“Estimates have been prepared for various widths of roadway. 

4. Present Condition of Roads and Trails 

“Paterson County (Red Gap to Stray Horse Divide).—There is a fair 
wagon road from Red Gap to Clear River Ranch, about 2 miles south; a solid 
but poor wagon road from this point to Coal Basin; a fair road from Coal 
Basin to Stray Horse Station, and a well-marked but steep trail from this 
point to the top of Stray Horse Divide. 

“Grant County (Stray Horse Divide to Big Bear Ranch).—There is an 
easy trail from Stray Horse Divide to Blackwater River, approximately 
8 miles; a very poor wagon road down Blackwater River from Sec Creek to 
Adams Ranch, approximately 9 miles. The road between these points 
crosses the river eight or ten times by fords and cannot be used at all if the 
water is much above low stage. Under the lx;st conditions a good team 
cannot haul over i ton. 

“From Adams Ranch to Big Bear Ranch (about 5 miles) the road is poor 
and dangerous in many places. It is so steep that tons is about the 
maximum load for an exceptionally good team under the best conditions. 

“While this project ends at Big Bear Ranch it should be noted that if the 
road from this point to Lochiel in Socorro County, the nearest railroad p'>int. 
is not improved the value of this project will l>e practically lost. The pres¬ 
ent road to Lochiel is dangerous, limits a team load to about tons, and 
will be an expensive road to impnjve. I estimate roughly that $40,000 will 
be required to put it into reasonably good shape. 

5. General Topography 

“Paterson County (Red Gap to Stray Horse Divide. See photographs i to 
10).—From Red Gap south tor about 2‘^ miles the topography is abrupt. 
R^ sandstone and conglomerate cliffs and dykes hold the road location 
closely to the Clear River. From tnis point to about mile south of Coal 
Basin occasional cliffs occur, but a careful location will avoid them and it will 
be possible to gain some elevation along the sides of the valley. From the 
point to Stray Horse Divide and for a couple of miles south of the pass there 
are no cliffs, and while the slopes are steep^, averaging 25 to 40®, the location 
can be placed at any desired elevation. This strip of country is fortunately 
favorable to location. 
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“Grant County (See photographs ii to 30).—From Stray Horse Divide to 
Thompson’s Ranch the formation is favorable for location on any desired 
grade. Few rock outcrops occur. The slopes average 20 to 25"’. 

"From Thompson's Ranch down Sec Creek is an ideal road location. No 
solid rock, very little loose rock, easy water grade. The side slopes average 
10“ for one-half the distance and 20“ for the balance of the way. 

"From the junction of Sec Creek and Blackwater River down the east 
.side of the Valley to Buck Creek the location is easy on a side hill, averaging 
2S“ side slope. There are no rock outcrops and very little loose rock. An 
easy grade can be obtained. 

"From Buck Creek to Spring Creek along the side hill on the east side of 
Blackwater River the following conditions prevail: Average side-hill slope 30*^; 

mile of rock-ledge slope of face approximately 60^. Expensive work 
cannot well be avoided, but an easy grade can be obtained. 

"From Spring Creek to Adams’ Ranch the formation on the east side of the 
valley is favorable for location at some distance away from the river. A 
ruling grade of 5^0 can be obtained at the worst places and ordinarily the 
grade is light. Benches and side-hill .slopes are easy, averaging 15° for one- 
half the distance and 30° for the remainder. 

"From Adams' Ranch to Big Bear Ranch the best location lies on the 
we.st side of the valley. Difficult country is encountered—heavy scrub-oak 
brush, many large boulders, and considerable solid rock. The river changes 
its channel frequently and any permanent road location must be placed 
beyond its reach, necessitating expensive work. 

"The natural soil from Big Bear Ranch to Adams’ Ranch is very slippery 
when wet. To get a good .safe road Creek Gravel should be used as surfacing. 
Unless the roadbed is sloped toward the hill (one-way crown) any of this 
location will be dangerous in wet weather. This same condition applies in 
a less marked degree all the way up Blackwater River to See Creek. 



6. Proposed General Route 

“Paterson County. —From Red Gap, the proposed road follows the 
present road, with some modifications to avoid unnecessary rise and fall, to 
the first crossing of the Clear River about 1^4 miles south of Red Gap. 
From this point to the mouth of the Canyon, ^out Vi mile, the location is 
open to argument. The existing road crossed the river twice (see sketch). 
Both of these bridges were wrecked by the flood of 1918 and temporarily the 
travel is using the railroad track between these points. 

"With the i)ermission of the railroad it would be possible to widen out 
the cut on the west side of the track and tunnel or Wlf tunnel for about 
500' around the rock bluff point, eliminating the two bridges and two railroad 
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crossings. On the other hand, the road would be very close to the track for 
Vi mile and would in my opinion be more dangerous for horse trathc than the 
old location requiring two bridges. The bridge location is recommended. 

“ From tbe mouth of the gorge the road will follow approximately the 
location of the present highway to the top of Canyon Hill and thence on a 
new location along the west side of the Clear River Valley to Stray Horse 
Divide. 

“Gr^int County.—Beginning at the county line at Stray Horse Divide a 
new location will follow down the north side of See Creek to a point about 
2V^ miles southwest of Thompson’s Ranch and thence along the south and 
east side of See Creek and Blackwater River to Adams’ Ranch. At Adams’ 
Ranch the road will cross to the w-est side of the valley and remain on this 
side to Big Bear Ranch, the end of the proposed improvement varying some¬ 
what from the location of the present road to better short sharp grades and 
to avoid creek flood areas. 

7. Controlling Points (Aneroid Elevations) 


Paterson County: 

Stray Horse Divide. 0200 

Bench between cliffs at Coal Basin. 8200 

Top of Canyon Hill . 8100 

Bottom of Canyon Hill. 7930 

Red Gap. 7800 

Grant County: 

Stray Horse Divide . 9200 

Thompson’s Ranch . 7900 

2V^ miles southwest of Thompson’s (see Creek Crossing). 7S00 

Bench between cliffs between Buck and Spring Creek.71.S0 

Adams Ranch. 6780 

Big Bear Ranch. 6600 


8. Description of Location Problems between Controlling Points 
Paterson County 

"Stray Horse Divide to Coal Basin. —The difference in elevation of these 
two points is approximately 1000'. The direct distance is about miles. 
In order to get a good grade and come somewhere near Ojial Basin, which 
is probably de.sirabie, it will be necessary to run south from Stray Horse 
Divide and then turn north. In this w'ay any required ruling grade can be 
obtained and the len^h of road will depend entirely on the grade selected. 
The switchback can be made without too great cost by a careful location 

1 recommend a s% grade with a length of 4 miles. The road, in general, 
will follow the contours. Two pronounced gullcys are crossed which can bo 
bridged or filled as determined on the location .survey. 

“By the use of a 6 to 7% grade it is possible to run direct from Stray Horse 
Divide to the top of Canyon Hill. This solution should be carefully investi¬ 
gated. but does not seem to be as good as the 5% location, as the topography 
IS not as favorable for location ana, while it is shorter, the lighter grade is to 
be preferred and the extra length of road south of the divide will be utilized 
in the future as a part of the road to Stone Quarry. 

"Coal Basin to Top of Canyon Hill.—Approximate length 1^4 miles. 
Along contour of steep side hill for approximately 9 4 mile and then along 
l>ench cut up by small swales and knolls. No special features. Grade any 
convenient to fit topography. No grade problem on this section. Excava¬ 
tion largely earth and loose rock. One 20' .span bridge required. 

"Top of Canyon Hill to Bottom of Canvon Hill at Mouth of Gorge.—Approx¬ 
imate length 0.6 mile. Along side of Canyon following present highway 
closely. Largely a Question of equalizing grade by cut and fill. Prom aner¬ 
oid elevations and Abney level, 1 judge that a 6% grade can be obtained. 
Certainly, a 1 % can be built. This section of the road will be expensive 
and will govern the ruling grade from Red Gap to Stray Horse Divide. The 
excavation will be approximately 50% solid rock. One 20' span bridge will 
be required. 

"Mouth of Gorge (at Bottom of Hltl) to Red Gap.—Approximate length 

2 miles. From mouth of gorge mile south to wagon roan on the west side 
of the river the location is the most expensive of the entire project. This 
strip will require cither two bridges or heavy rock work, as previously dfs- 
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cussed. The bridges are recommended. From this point to Red Gap there 
are no difficult problems, as the road will follow, in ^neral, thejpreaent loca¬ 
tion and can be cheaply built. Another bridge at Red Gap will better the 
location and increase the convenience of the road. 


Grant County 

“Stray Horse Divide to Thompson’s Ranch.—The difference in elevation 
is approximately 1300'. It is desirable to get down to a natural bench at 
Thompson's ranch. The length of road between these points will depend 
on the ruling ^rade selected. As it is a long climb, I recommend 5% with a 
length of 5 miles, which can be obtained with one switchback turn. The 
country is favorable for location. Excavation is largely earth and some 
loose rock. 

“Thompson’s Ranch to See Creek Crossing.—Approximate length 
miles. Icical road location on bench. Easy grade. Excavation practically 
all earth. Plow and machine scraper work. No grade problem. One 20' 
span bridge required. 

“See Creek Crossing to Buck Creek.—Easy side-hill location except 
for mile of rock ledge near Buck Creek. The location should keep upon 
the side hill to avoid abrupt river banks and slides due to freshet scour. 

“Buck Creek to Adams’ Ranch.—Easy sidehill and bench location. 
No difficulty in obtaining grades less than the maximum. Excavation 
earth and loose rock. 

“Adams* Ranch to Big Bear Ranch.—Location problem one of protecting 
road from river floods, also avoiding ledge and large boulder rock work. 
No hard grade problem. Excavation 50% loose rock, boulders, and solid 
ledge. 

9. General Recommendations and Costs 

“The cost of construction under present conditions is uncertain. The 
prices used in the following detail estimates should be carefully noted in 
considering the possibility of cheapening the work by the use of convict 
labor. The costs used are for contract work and may vary greatly in a short 
time. 

“I recommend for this project a double-track side-hill section (S-14') 
from Big Bear Ranch to Coal Creek; a single-track side-hill section (S-io) 
with turnouts from Coal Creek up to Blackwatcr River, See Creek over the 
Divide, and down to the top of Canyon Hill in Paterson County. A double- 
track road from this point to Red Gap. Permanent culverts and bridges. 
Ruling grades of short 7% and long 5* 0. Alignment limited, as a rule, to a 
minimum curvature of 100' radius with a few 40' radii at exceptionally bad 
places. 

“The cost of this type of road is estimated at approximately $175,000, 
divided as follows: 

Clearing and excavation. 1 108,000 

Permanent culverts. 20,000 

Permanent bridges over 10' span. 35,000 

Engmeering. 12,000 


Total. 1 175.000 

“L It is not possible to construct the entire project by one appropriation, 
it would be well worth while to build from Big Bear Ranch to See Creek at 
once to open up the new farming section on the Upper Blackwater. The 
cost of this portion of the road would be about $70,000. 

“For details and various combinations of design sec the following estimates 
by sections. 

TO. Detail Estimates 

“CUssifleation of Materials. —The classification of excavation cannot 
I’C acc irately made; it is based on the following assumptions. 

“Where tne road is located on a bench near the bottom of a slope which 
appears to be slide or wash formation and no rock outcrops are visible, the 
excavation is classed as 99% common and t% rock. 
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"Where the location is on a steep main mountain slope of 35 to 35* cov¬ 
ered with loose rock but no solid rock outcrops are visible, the assumption 
has been that solid rock will be encountered 6 ' back of the slope surface. 
"Where occasional outcrops occur rock is assumed 4 ' back of the surface. 
"Any extended rock ledge has been noted. 


Unit Pricks 

Clearing: 

Sage brush. $ 30 per mile 

Light brush and trees. 30 per acre 

Medium brush and trees. 100 per acre 

Excavation; 

Solid rock. |i .oo- 5 i .50 per cubic yard 

Tunnel rock. 4.00 per cubic yard 

Common excavation; 

Turnpike in earth. 0.18 per cubic yard 

Side-hill plow and scraper. 0.30- 0.40 per cubic yard 

Wagon haul and scraper. 0.40 per cubic yard 

Concrete.12.00 per cubic yard 

18" corrugated pipe. 2.00 per foot 

Rough rubber retaining wall. 2.00 per cubic yard 

"Dimion into Sections.—For purpose of estimating, the road is divided 
into the following sections; 


Paterson County 

Miles 


Sec. P-i Stray Horse Divide to Coal Basin./ 4.0 

Sec. P-a Coal Basin to top of Canyon Hill. 1.8 

♦Sec. P-3 Canyon Hill. 0.6 

♦Sec. P-4 Canyon Hill to Clear River Ranch. 0.2s 

♦Sec. P-s Clear River Ranch to Red Gap.». 1.75 


Total Paterson County. 8.40 

Grant County 

Sec. G-i Stray Horse to Thompson’s Ranch. 5.0 

Sec. G-2 Thompson’s Ranch to Sec Creek Crossing. 2.5 

Sec. G-3 See Creek Crossing to Blackwater River. x .0 

*Scc. G-4 Sec Creek and Blackwater to Buck Creek. 2.5 

♦Sec. G-5 Buck to Spring Creek. a.o 

♦Sec. G-6 Spring Creek to Adams’ Ranch. 4.5 

♦Sec. G-7 Adams’ Ranch to Big Bear Ranch. 4.3 


Total Grant County. 31.8 


"Note. —See map for location of these sections. The sections marked 
with a ♦ have a poor wagon road at present, which, however, can be used. 
Sections havmg no star require new construction to permit wagon traffic. 

"Estimate of Sections. Sec. P-1. —(Length 4.0 miles.) 

"Clearing.—Six acres per mile for 3 miles ■•18 acres at 1 100 ■■ 1 1800. 
"Drainage.—Say 10 culverts per mile for 4 miles at 1 700 per mile — 1 3800. 
"Excavation for Double-track Road.—Side-hill slope averages 27 °. 
Excavation per mile for balanced section S ■■ 14 equals approximately 
13,000 cu. ya. for a i;i cut slope, which is considered safe for this material. 
Add 25% for inequalities of profile, giving 16,200 cu. yd. per mile, or 55,000 
cu. ycf. for 4 miles. It is estimated that 20% of this, or 11,000 cu. yd., is 
rock excavation and the balance, 44,000 cu. yd., is common. 


44,000 cu. yd. common at |o.40. |i7,6oo 

11,000 cu. yd. rock at 1.20. 13.300 


Total excavation. I30.800 

Excavation for single-track road S-io: 

Excavation per mile balanced section. 7.400 cu. yd. 

Add for pro^ 35%. i*850 cu. yd 


9.300 cu. yd. 
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Pig. 368. 




8i4 preliminary investigations 

Assume io% rock. 900 cu. yd. per mile 

Assume common excavation . 8.300 cu. yd. per mile 

Cost of excavation for 4 miles: 

3.600 cu. yd. rock at lr.50. $ 5,400 

33.000 cu. yd. common at $0.33. n.ooo 

Add for turnouts, five to the mile: 

500 cu. yd. rock at 11.20. 600 

1,500 cu. yd. common at $0.40. 600 


Total. ... $17,600 

Summary of cost, Sec. P-i: 

Double-track Road Single-track Road 

Clearing. $ i 800 (bearing . . . ».$ 1.800 

Drainage Hoo Uramagc 2,800 

Excavation. 30.H00 I'xcavatjon , 17,600 


$35,400 $22,200 

Contingencies. 

wall, etc ... 2,600 ('unlmgtnv u'S. 1.800 


$38,000 $24,000 

Equals $9,500 per mile Equals Sf'.ooo per mile 

Estimate Sec. P-a (length 1.8 miles): 

0.8 mile similar to Sec. F^-i 
1.0 miles average side slofx: 15® 

Estimate of the easy mile (side slope is'^) 

C'leanng 6 acres at $50. $300 

Drainage (ordinary) . .... 500 

20' span badge. 800 

Excavation (see S-14) 3,300 cu. yd. per mile 
Add for profile 25<'o 800 cu. yd. per mile 

4,100 cu. yd. per mile 

Rock '•xcavation 100 cu. yd. at $1,50 . . $ 150 

Common excavation 4,000 cu. yd. at 0,30. . ..... 1.200 


$2.9 

Contingencies ... . 1 .V) 

Total.$3,100 

Summary P-2: 

Double Track Part Single and 

Part Double 

0,8 mile similar to P-t 

at $9,500 per mile ” $7,600 

at $6,000 per mile « $4,800 

i.o miles a.s per 3,100 

estimate above 3.100 


$ 10,700 $7 .900 

Say. 11,000 Say . 8,000 

Estimate See. P-3 (length 0.6 mile). Double-track road 
based on hand-level profile: 

Clearing 3 acres at $100. $ 300 

3,000 cu. yd. common at $0.40 . 1,200 

3,000 cu. yd. rock at $1.25. 3.750 

Ordinary drainage. 500 

I 20' span bridge. 800 


16,550 

150 


Contingencies 
Total. 


$6,700 
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Bstimate Sec. P-4 (length 0.25 mile): 

Estimate i, based on location requiring two bridges over the Clear River. 

Clearing. $ 20 

1,000 cu. yd. common excavation at I0.40 . 400 

200 cu. yd. rock at Si. 50. 300 

400 cu. yd. rip-rap at Si.00 . 400 

2 (80' span solid-floor steel-truss bridges) . 16,000 

I (20' span concrete bridge). . 800 


Sr 7.920 

Say. . 18,000 

Estimate 2, based on half tunnel west of track. 

Clearing. . $ 30 

5,000 cu. yd. of common exc. at So.40 . . . 2,000 

^,500 cu. yd. rock tunnel workatS4.oo . 18,000 

Stone wall between track and road . 900 


S20,930 

Say. . S 21,000 

Estimate Sec. P-5 (length 1.75 miles). Double-track road 
Approximately same cost per mile as Sec. P-2 on the easy mile: 

1.75 miles at S3.100 per mile . S 5. 425 

Possible bridge at Rip Gap . . 8.000 


S13.425 

Say. .14,000 


SUMM.4RY OF CoSTS, PaTERSON CoUNTY 


Section 

Double track 

Single track with 
turnouts 

P-I 

$38,000 

$24,000 

P-2 

$i 1.000 

8,000 

P- 3 ‘ 

7.000 


P- 4 ‘ 

18,000 


P-S> 

14.000 



$88,000 


Engineering. 

$ 4.000 


Total appropriation . 

$92,000 j 



> Sections have usable wagon road at present. 


“Estimated total cost for double-track road. Secs. P- 3 , P-4, and P-S. 
and single-track road to the <livide. Secs. P-i and P-2, is S7S.ooo. 

“Estimated cost of cheap single-track road connecting present road to the 
divide. Secs. P-i and P-2, with temporary drainage structures and 6% ruling 
grade instead of S2 5 . 000 - 

Cost Estimate, Grant County 

“In a similar manner detail estimates are made for the sections in Grant 
County, as summarized below. These estimates can be found in computa¬ 
tion file E-32, They are not included in this report, as they are bulky. 
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Summary of Costs, Grant County 


Section 

Double track (S-14) 

Single track (S-io) 
with tumouta (S-T4) 

G-i 

$ 32.000 

$ 22,000 

G-2 

33.000 

3.000 

G-3 

5.000 

3.000 

0-4 

10.000 

7.000 

G-s 

20,000 

12.000 

G-6 

26.000 

20.000 

G-7 

36,000 

25,000 


$132,300 

$ 02.000 

Engineering. 

7.700 

8.000 

Appropriation. . . . 

$140,000 I 

$100,000 


Total Summary of Recommended Construction 

Paterson County. I 75.ooo 

Grant County. 100,000 

Total. . . $175,000” 


RECONNAISSANCE SURVEYS 

The methods described for ordinary investigations can be used 
for most cases, but for heavily wooded country or extremely difficult 
and rough topography a more careful survey is desirable. 

Methods.—For op)en barren country the transit stadia method is 
preferred by the author, using magnetic bearings, stadia distance, 
vertical angle profile and cross-slopes, and ordinary notebook 
sketches and recording. The map is plotted up on a scale 1000' 
to the inch and the profile 100' to the inch. The line is marked in 
the field by tall stakes or lathes with a strip of cloth attached. 

Work of this kind can be done by two men with very simple 
equipment. In remote regions a third man to move and care lor 
camp equipment is required (see Chap. XIII). 

Engineering Equipment. 

Light mountain transit with stadia and verticle circle. 

Light stadia rod, 8 to 10' long. 

Camera. 

Notebooks, maps, etc. 

100' steel tape. 

2 aneroid barometers. 

For heavily wooded country the U. S. Geological methods are the 
cheapest and most satisfactory, using a light 15" sketch plane table 
and tripod oriented with a magnetic needle; 0 " gun signt alidade; 
500' linen tape coated with paraffin for distance. Aneroid inter¬ 
mediate elevations checked by flying lines of spirit levels or stadia 
leveb along trails. 

The main advantage of this method is that it requires no cutting, 
as direction is obtained by sighting by ear to a yell or whistle. It 
also gives a complete contour map of all the territory that the road 
can possibly traverse and makes it possible to lay out a better final 
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location then any amount of scouting where the engineer depends 
on his memory and sense of direction for his final location. The 
projected line is then followed with a rough plane table traverse, 
slopes, etc., taken, and the estimate made. 

Work of this kind can be done by two men with very simple equip¬ 
ment for a cost ranging from $10 to $30 per square mile mapped. 
A convenient scale to work on is 2000' to the inch and a contour 
interv^al ranging from 10 to 50'. 


2 > 


to hold 
Double Mounted 
Plane Table 
Paper firmlu 
inPlace. ^ 


§ 

I* 

0 



Tree 
" School House 


(ah Area Heavily Wooded 
I except Portion Marked 
; \Cleanng. 

(Proposed Location of Rood 
\ \shown in Doited Lines. 

not Favorable tor 
\Location Hatched ihus 


Fig. 269. 


A third man to move and care for camp is desirable. 

The engineering equipment required is: 

15" plane table with tripod. 

500' linen tape. 

6" gun sight alidade in leather case. 

100 steel tape. 

Plane table map paper. 

2 aneroid barometers. 

Light mountain transit with stadia (for flying levels). 

Stadia rod. 

Conclusion. —It should be borne in mind that if engineering is 
to be of value it must be thorough and that new locations will often 
fix roads for generations. 
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There should be no hesitation in spending whatever is needed, 
even if it seems all out of pro[>ortion to the cost of the actual con¬ 
struction work to be performed within a year or so. Government 
programs carry out this principle and they are often criticized for 
high engineering cost, but is well worth while looking to the future. 

The engineering program must be complete or it might just as 
well be discarded entirely 


PHOTOGRAPHIC DATA 


Editor’s Note. —Photographs are often as important as survey notes, 
particularly on reconnaissance work and the failure of a negative is compar¬ 
able to the loss of field notes. The following data have been inserted to help 
the inexperienced photographer reduce his percentage of failures. A green 
hand is puzzled chiefly by ciiaphram opening and time of exposure and docs 
not understand the effect of latitude, altitude, time of year, light, etc., on 
the problem. The following simp’e notes have been prepared by a man who 
has taken engineering photographs all over the world and should l^ helpful. 
There are a number of very excellent exposure charts and mechanical sensi¬ 
tized paper exposure meters on the market which con-.ider all these points 
in more detail than can be given in a book of this character. 


General.—The following discussion of the subject of photog¬ 
raphy in connection with engineering operations has been prepared 
with the idea of giving to the engineer the foundations and princi* 
pies upon which he may make e.x[K)Sures in the held under most 
all conditions, and secure fairly uniform results. The engineer is, 
in the day’s work, required to make exjxisures under some very 
adverse conditions, and it is not rare that the exposure most needed 
or the most important point along the line of survey or construction 
is reached when weather and light conditions arc at their worst. 
In many cases the results are failures, poor, or only fair. This fact, 
under the ordinary procedure of having the film developed after the 
point has been passed, or the survey completed, is discovered weeks 
or months aftenvard, and a return to the point would either be 
expensive—so much so as to make it prohibitive—or imfwssible 
on account of adverse weather conditions. 

Views on preliminary surveys arc of more importance and should 
receive corresponding attention. Views on construction and loca¬ 
tion are important, but the opfiortunities for making successful 
exposures on location and construction are many. This is due to 
the fact that the engineer is located longer at one camp on location 
than on preliminary, while on construction he is constantly on the 
job. 

It is urged that all work be done in the field at the time of making 
the exposures on preliminary investigations or reconnaissance 
surveys in order that failures may be discovered and additional 
exjxisures made which will supply the omissions, and assure a 
continuity of views. By so doing the finished view may then and 
there be properly identified and notations made as to its value in 
connection with the surveyed line, and the subsequent report and 
estimate With this end in view the following equipment is 
suggested. 
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Equipment. — i. Camera with good stout leather case and tripod. 

2. Tank developing outfit complete, v 

3. Films, chemicals, and sufficient paper of photograph length 
of the line. 

This outfit has been used for a number of years by men who have 
had a wide experience, and it has been found to be a convenient 
and complete camp kit to care for the picture end of a survey 
properly. 

Roughly the films should be estimated at three exposures to 
the mile of line. 

Camera,—The best-sized camera, that is, the one which produces 
the larges, picture in proportion to the bulk of outfit and cost of 
operation, is the 4M by 63 ^^" film camera—Eastman 4.\. Cameras 
having smaller dimensions produce views so small as to be of little 
value from an engineering standpoint, while the outfit necessary 
to carry on development is practically the same in size and weight 
as that required for the camera above mentioned. Enlargements 
may be made, but this is an additional expense and delay. What 
is required is speed and accuracy. 

This sized film when properly masked will give a picture 43-^8 by 
6?8^' exclusive of legend. If the roll is cut so as to leave the 
unexpHDsed |>ortions between the exposures, on the bottom of vertical 
views, or the left-hand end of horizontal views, space is left for 
filing number and legend. This information is put on the face of 
the film with india ink as soon as it is dry and is a clear but concise 
statement of (a) station from which the view was taken, {b) direc- 
tion of the camera, (r) general description of features shown, 
or purpose for which taken, and (d) index number by which the 
same may be identified. This information is obtained from the 
ex[>osure record which is made and kej)t at the time of the e.xposure 
and regarding which description is given on page 825. 

Autographic backed cameras are in use but are not specially 
desirable unless the films arc to be developed by some other person 
at a later date. The writing that may be done, while specific, is 
generally so large as to take up all the spa ce between the exposures 
which should be devoted to more detail- If used it is better to 
record merely the roll and exposure number, as R 23-2, and depend 
on the exposure record for detail data. 

Lens. —The camera should be equipped with a standard lens of 
known value. In the matter of lenses nothing empirical may be 
said. Generally, however, the regular B. & L. f 16 rectilinear lens 
gives excellent results. As speed is not essential, the higher-priced 
rapid lenses are not necessary, and the investment of money in 
such a refinement which the work in hand does not call for is a 
luxury to say the least. Given a well-made and flawless lens, an 
equally good picture may be secured, provided the proper time is 
given, as with the more expensive lens. As there arc no moving 
objects in the class of views that the engineer will photograph, 
exposures may be properly timed. 

Shutter.—The shutter should be of the ordinary variety, operated 
or snapped with a bulb or cable. For rough handling the bulb 
release is considered the best. There arc a number of standard 
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shutters on the market, any one of which gives entirely satisfactory 
results. Improvements are being continually made, and it is advis¬ 
able to purcnase the most durable pattern on the market. There 
is less liability of making errors with the shutter that sets and 
releases automatically with a bulb or cable. Those that have to be 
set by hand oft times produce no exposure, the photographer for¬ 
getting to set the shutter. 

Diaphram.—Most all cameras are now equipped with the iris 
diaphram, and this attachment is the best witn which to control 
the stop. 

The stop is the technical terra for regulating the size of opening 
in the diaphram. There are two systems of indicating the different 
stops. The ^‘Universal Standard” (U. S.) and “f” for focal speed 
of lens. The following list shows the usual equivalent stops for 
both systems. 


U. S. 1.2 2.0 2.5 4 8 16 32 64 

f. 4.5 5.6 6.3 8 II 16 22 32 


Ordinary kodak stops; 

Stop 

Stop 


I 2 3 

U. S. 1.2 gives the largest opening. 
U. S. 64 gives the smallest opening. 


Manipulation.—The most important factors that enter into 
making an exposure are: 

1. Composition. 

2. Distance. 

3. Aperture. 

4. Time. 

5. Strength and direction of light. 

6. Phases of views. 

7. Recording all operations in the exposure record. 

Taking up these operations in their order: 

Composition.—A photo should not be looked upon as a miscel¬ 
laneous lot of black and white spots on a piece of paper. In order 
that the photo should properly show the information required, 
it should in most instances be taken from some station along the 
line of work, or from some ^int which has been dehnitely located 
without the line of work. The most desirable position from which 
to make the exposure is one from which professional as well as artis¬ 
tic points may M seen. The selection of such a point is made after 
carefully studying the composition of the view as seen in the finder. 
If a view is required along the survey line, select, if possible, that 
station where the light will come from behind or from the side. 
Carefully study the composition. 

If on a survey line, along a stream bank, on the edge of a mesa, 
at the shore of a lake or bay, bring the important features into the 
middle of the finder. No picture should be taken that does not con- 
tmn some life, as only professionals can make a good picture of still 
life. Picket a rodman with a level rod or stadia board of known 
length on a station 50 or 100' away on line—or more particularly 
at the point it is intended to feature. This not only gives life to 
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the view, but provides a medium by which distances in the view may 
be estimated. Have, if possible, one-third of your view composed 
of sky. Balance your picture. Guard against having the center 
view obstructed by a 6' tree 15' from the camera, while the feature 
you are trying to photograph is 100' away. Such a composition 
blurs the foreground, reduces the field of view, and, in general, spoils 
what might have been a successful photo. 

Hold or set the camera level. If it is necessary to obtain some 
feature that is below or above the outline as shown in the finder, 
manipulate the shifting front of the camera. Never tip the camera 
up or down, for to do so will produce distorted photos on account 
of the vanishing point lying outside of the horizontal plane. 

Distance.—Ascertain the distance from the camera to the object 
to be photographed. Do this with reasonable care, as too many 
|)Oor negatives result from carelessness in estimating distances. 
Set the indicator at the proper point on the scale of distance. 
The nearer the subject is to the camera the more care should be 
e.xercised in ascertaining the distance. For universal focus use stop 
U. S. 16, 32, or 64 and set focusing indicator at 25 to 30'. 

Aperture and Time.—The aperture (stop) and time of exposure 
are the governing points in making an exposure. 

For a given condition a number of aifferent combinations of 
aperture and time will give satisfactory results. The larger the 
ajjerture the shorter the time. The smaller the aperture the better 
the detail of the picture becomes. In general, it is desirable to use 
a fairly small aperture to get detail and as long a time as conditions 
permit. 

The correct combination of aperture and time is affected by the 
use of a tripod, movement of objects, speed of plate or films used, 
altitude, latitude, season of the year, intensity of light, and comp)o- 
sition of the picture. This sounds complicated and is for the best 
results, but fortunately considerable vanation from the best timing 
will still produce a fairly good negative for all practical purposes. 

Effect of Use of Tripod.—It is advisable to use a tripod for all 
engineering photography, as it prevents blurring by movements 
of the camera during exposures and makes it possible to use a small 
aperture, with the necessary time of exposure, to get good detail. 
It the camera is held in the hands, the time of exp)osure should be 
H 6 sec. or less and the aperture will have to be made large enough 
to allow this speed. 

Effect of Motion of Objects.—As a rule, moving objects need not 
be photographed, but if necessary the following speeds of exposure 
will stop motion. 

sec. will stop wind in foliage. 

^50 sec. will stop pedestrians and slow-moving rigs, 
sec. will stop distant trains. 

Hoo Hooo a sec. will stop near trains, automobiles, etc. 

The aperture must be regulated to allow these speeds. 

That is, time governs aperture where motion is encountered. 
Under most conditions, however, where a tripod is used aperture 



822 


PRELIMINARY INVESTIGATIONS 


governs time and a small aperture is desirable in order to obtain 
detail. For most landscape engineering survey work a U. S. stop 
i6, 32, or 64 is used and the time is varied to correspond with the 
stop selected.' 

Bright sun, use stop U. S. 64 or 32. 

Fair light, use stop U. S. 32 or 16. 

Moderate light, use stop U. S. 16 or 8. 

.\n aperture of U. S 8 will give moderately good detail. 

Speed of Plate or Film. —Different makes have different speeds 
but there is no great variation in the speed of the ordinary roll films 
or speed pack films and the following e.xposurc chart is based on the 
commercial film in ordinary use. 

Effect of Altitude. —.Altitude has a marked effect on time of 
exposure. Dxposure charts are worked out for sea level. 

Wilson topographic surveying quotes E. Devillc as stating that 
altitude has practically no effect on timing when the sun is near the 
zenith in the middle of the day but that as the sun approaches the 
horizon the effect becomes evident. He gives the following relative 
time of exposure at sea level and 10,000' altitude. 



1 Relative Time of Exposure 1 

Altitude of Sun 

1 ! 

} - -- 1 


At 10,000 ft. Altituile 1 .\t Sea I^vcl j 

! 90° 

I second I second 

1 40° 


1 25° 

' I “ 12“ 

i 

t “ 1 s'i “ 1 


The rule generally used for ordinary engineering photography is 
to cut the time of exposure in half when working at an elevation of 
5000 to 10,000'. 

Effect of Latitude. —Exposures at the equator require the shortest 
timing. 

As the latitude increased, the time of exposure increases. 

For example, conditions requiring >^5 sec. at the equator require 
yi sec. in Alaska. 

Effect of Season of the Year. —The summer months require less 
exposure than the winter months. 

For example conditions requiring an exposure of Jfo 5»ec. in 
summer will require sec. in winter, except that it must 
be remembered that snow on the ground changes the classifiaction 
of “phase” discussed below. 

The chart on page 823 is prepared for sea level at average con¬ 
ditions of latitude and season in the United States and the effect 
of latitude and season can be disregarded for all practical purposes 
except for extreme cases, as they have a relatively small effect for 
this territijry as compared to light intensity and phase of the picture. 

The extreme variation from the chart will be approximately as 
follows: for winter months along the Canadian boundary, double 
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the time of exposure given in the chart. For southern Florida in 
midsummer use one-half the time given in the chart. 

When it is borne in mind that this variation in relative exposure 
does not ruin a negative, it can be seen that unless these extreme 
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conditions of combined location and season prevail the chart time 
without correction should give reasonai)ly good results. Altitude 
should, however, be considered. 

EFFECT OF LIGHT AND PHASE 

Light Values.—Judgment and experience are essential if good, 
average negatives are to be secured. However, tlic following dis- 
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cussion of light values of different lights and phases of views may be 
of use. Five distinct conditions of light are generally taken into 
consideration when calculating for an exposure. 

(.A). Bright SunligfU. —When the sun is shining brightly in a cloud¬ 
less sky. 

(B) . Light Clouds. —When a thin film of white clouds partially 
obscures the sun, but fairly weU-defined shadows are discernible. 

(C) . Diffused Light. —.\n even light but no shadows. 

(D) . Dull. —Sky covered with dull clouds with no sunlight pene¬ 
trating. 

(E) . Very Dull. —Sky overcast with very dark clouds. Gloomy. 

Phases of Views.—For classifying views or subjects in a view— 

the five following phases are given: 

1. Landscapes. —This view contains distant landscapes, sea-scapes, 
snowclad hills, or broad expanses of river scenery. Such views 
reflect a large percentage of actinic light, and should be short timed 
or stopped down accordingly. 

2. Light Foreground. —This view contains 0{>en fields and woods, 
flocks of live stock, buildings, and small expanses of water. 

3. Strong Foreground. —This view contains a large percentage 
of foliage, buildings close enough to make strong and distinct out¬ 
lines, fences, figures, animals, well-defined roadways, rock cliffs, 
or well-defined hill slopes not over 400' from the camera, urban 
scenes where the sky line is serrated with buildings, or full views of 
concrete structures. 

4. Very Heavy Foreground. —This view contains close-ups of the 
following: landscapes having dark-green foliage and shadows, 
bridges and other structures with heavy shadows, and rock cliffs 
which are generally located in canyons where considerable direct 
light is shut out. 

5. Shaded Foreground. —Under this caption come ravines, 
wooded hillsides, standing timber, under trees, and small dark box 
canyons where sunlight is shut out by shadows. 

Caution.—Great care must be exercised in making exposures for 
views under condition Give plenty of time^ and should doubt exist 
double the time taken from the chart ana make another exposure. 

Bearing in mind the five conditions of light and the five phases of 
views, enter the chart with the view as an argument. Along this 
line a number of combinations for time and stop may be had which 
will give satisfactory negatives. If detail is required, select a small 
stop, and from this get the time for Bright Sunlight. Should light 
conditions be other than these multiply the time obtained by the 
proper factor given below the chart. 

For Example. —Condition of light, diffused (“C”)- Phase of view. 
Strong foreground. Suppose it is desired to use stop U. S. 8, the time 
for bright sunlight is given as H Multiply tnis time by 2, the 
factor for diffused light, getting sec. as the exposure required. 

Note.—T here are a number of meters now published which go 
into detail as to time, aperture, conditions of light, and phases of 
view, all of which give excellent results. These may be purchased 
from most any photo supply depot. 
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Exposure Record.— In order that the photo^phej may have 
something upon which to check up his failures, identify each view 
in connection with the project in hand, and properly reference them 
in the files. An exposure record should be used and each exposure 
carefully recorded. This record may take any number of forms, 
but from experience the following is suggested, which has been filled 
out to show how it is intended the columns should be used. 


Roll 36. Exposure Made by Bill Jones- Sept. 


No. of 
Film 1 

I 

Job 

Date 

Hour 

Light 

Stop! Time j Subject.^ Descriptive 

Rabbit 

Kars 

H 

0 

0 

0 

A 

1 1 ’10 

j 

Sta. 1007 4-40. Looking 
Az. 1 70 deg. along tang. 
Rodman on Sta. 1006. 

! 2 

1 

Rabbit 

Ears 

H 

10.00 

B 

11 j )i 

\ 

1 

Old timber br. at Sta. 
1020. Camera 60' to 
right of 1019-50 look¬ 
ing Az. 130 deg. (out of 
focus). 

3 

Rabbit 

Ears 

1 

10.30 j B 

i 

3.> 1 a 

^ 1 

i 

Sta. 1025 looking Az. 90 
deg., showing proposed 
Ning of river. Solid 
rock in extreme left of 
view. 

4 

i 

Rabbit 

Ears 


4 00 

A 

"1 

?10 

Sta. 1091 looking Az. 
270 deg., showing Ama¬ 
zon Pass, Hopland and 
Big River Valley. 

1 ^ 

Tyeras 

Canyon 

H 

10.00 

C 

8 

I sec. 

Sta. 1 107-45 looking Az. 
210 deg. Dense tim- 
1 ber along tangent. 

6 

Tyeras 

Canyon 


3 00 

i 

D 

22 

1 

1 }’2 

Sta. 1136 looking Az. 
226 deg. along tangent 
showing houses on nght- 
of-way. Close up view. 
Rodman on Sta. 1137. | 


DON’TS 

Don’t expect good results from snapshots taken before 9 a. m 
or after 5 p. m. even with sun shining brightly. 

Don’t try to make snapshots under trees or in a shadow. Make 
a time exposure, resting the camera on a firm base, or, better still, 
use a tripod. Get the proper time from the chart. 

Don’t hold the camera in your hand when making exposures 
over H 6 sec. 

Don’t attempt to make snapshots indoors. 

Never face the camera at the sun unless necessary and then be 
sure to shade your lens from direct rays of the sun. 

Always use small stops if detail is desired. 

Don’t give time exposures to distant landscapes. The farther 
away the subject the less time is required. 
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Buy only fresh films which will exactly fit your camera, and 
observe the date on same beyond which no guarantee of value is 
given. 

Alw'ays turn the key bringing a new' unexpK^sed film into correct 
position after having made an exposure. 

After having exjxised a rv)ll lake it from the camera, and before 
putting in a new roll, examine the lens, try shutter, and blow out 
any particles of dust that might have worked into the bellows. 

If, after having made an exposure, t!ie least doubt arises as to 
whether it was an overex{x>sure, underexposure, or double cxp<^sure, 
calculate for a stop and time, and proceed to make an exposure 
that will be satisfactory. This advise is of particular value to 
engineers, as it is not infrequent that the picture most needed is the 
one failure on the roll. The second exposure costs but lo cts. 
To secure it after the camp or work has been abandoned may 
cost a hundred dollars. 

Developing.—Fairly good prints may be secured fiom average 
negatives, but the best prints are obtained from good negatives. 
To obtain good negatives the exposure must be reasonably correct, 
and development must be done with fresh and pure cliemicals in 
quantities called for in the respective formulas recommended by 
the makers of the plates or films used. 

The simplest, most convenient, and mo^t certain method of 
development that has been worked out for films is w’hat is generally 
known as tank development. 

The ecjuipment necessary properly to iiandle films of the size 
suggested in the beginning of this article is as follows: 

I E. C. Eastman tank \o 5l‘> r«>mplete. 

I 5 7 gutta-p>ercha tray 

i 32-oz. measuring gla<^. 

I stirring rod. 

I thermometer. 

I or more [)airs of film clips. 

I dripping pan enameled, about 9 by 12". 

The chemicals rc(juircd for one roll of films are: 

I Tank dev'elo[)ing [lowdcr for 5 by 7" tank 

4 oz. of hyjK) with ac' .nier. 

Plenty of clear pure water having a temj>erature of 65®F. 

As no dark rfK)m is required, the development may be carried on 
at any time, and the process is as follows. 

Dissolve the developing pow'dcr as per directions, using the 
developing tank, testing the same wdth the thermometer so that 
the solution wdien ready shall have temperature of 65''F. Set this 
aside. 

Thoroughly rinse the measuring glass, and in 16 fl. oz. of water 
dissolve the 4 oz. of hypo and acidifier. Pour this solution, known as 
fixer, into the 5 by 7 tray. Thoroughly rinse the measuring and 
glass stirring rod. 

Prepare the films as directed in instructions accompanying the 
developing tank outfit, and wind it onto the opaque curtain. 
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This operation takes place in the lightproof box. 

Remove the spool containing the curtain and film, and place it 
in the tank containing developing solution, firmly fastening the top 
on the tank. I'urn the tank end for end two or three times, holding 
it vertically f<jr 5 or 10 sec. each time, so as to expel all air 
from between the folds of tlic curtain, and insure complete contact 
between the developing solution and the film. At the moment of 
immersion, record the time, and permit development to go on for 
the specified time given for the temperature of the solution. If 
using Eastman tank developing powder, and solution is 65°F., the 
time of development should be 20 min. Invert the tank every 5 or 7 
min. so that even development may be obtained. 

Development having been completed, fill the dripping pan with 
fresh water, take the spool from the tank, and, working rapidly, 
unroll the apron or curtain until the end of the film is visible. 
1 -irmly clamp a film clip to this end of the film. Now lift the end 
of the film by this clip, unrolling it from the curtain until the other 
end of the film is free, and clamp another clip on this end. Rinse 
the film in the dripping pan of fresh water, running it through three 
or four times. Change to fixing bath, and run film through rapidly 
tliree or four times, making sure that the entire surface of the film 
is flooded with the solution, thus insuring that development is com- 
[fletely arrested. 

Continue washing in the fixer until the film is clear. This will 
take from 7 to 10 min. Rinse in clear, cool, running water for hr., 
or in 20 changes of water allowing the film to remain 3 to 5 min. in 
each change, .\fter rinsing, suspend the film from a wire or hcxik, 
so that the same will hang free and permit it to dry. Do not touch 
the surface until perfectly dry. If the film has a tendency to curl 
during drying, leave it alone. The weight of the clip at the loxcr 
end will be sullicient to correct this. 

When perfectly dry, trim the ends so as to leave as much 
unexposed film as there is between the exposures. Before cutting 
the film, place it on a table, back up, and under vertical views, or 
to the left of horizontal views, inscribe the information contained in 
the eighth column of tlic exposure record, together with the index 
or filing number, u^i^g india ink. Place the index or filing number 
in a convenient space, usually the upper left-hand corner. 

Cut the film, taking j>articular care that in so doing the legend 
and the view to w'hicli it applies arc together. Do not use scissors 
to cut the film, as this, unless cleverly done, is apt to produce an 
irregular edge wdiich is dilTicult to fit into the mask. Use straight 
edge anrl sharp-pointed knife, or better still a trimmer, the latter 
costing about ^1.75. 

If all operations to this jx>int are correctly performed, films will 
be uniform, have a neat and workman-like appearance, and bear 
complete information as to date, subject, station from where taken, 
and index number. The film so labeled will be special, specific, and 
suflicient; special because it applies to a certain project, specific 
because it pertains to a particular f)oint of feature of the project, 
and suflicient because it gives complete information. 
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Causes of Failures, 

Nai sharp: 

1. Objects moving or moving too fast. 

2. Out of focus. 

3. Camera being moved during exposure. 

Undertimed: 

1. Use of too small stop. 

2. Light too weak. 

3. Exposures too short. 

No exposure: 

1. Failure to set shutter. 

2. P'ailure to release shutter. 

3. Something in front of lens. 

Double exposure: 

I. Failing to wind up film after making exposure. 

Fogged: 

1. Camera leaks light. 

2. Carelessness in loading or unloading. 

3. Taking pictures against sun. 

Overtimed: 

1. Stop too large. 

2. Too much time given. 

Printing.—Equipment additional to that required for film 
developing: 

I Printing frame 5 by 7. 

I Gutta-percha tray 5 by 7. 

I Orange light, 

I Dish pan from camp kitchen. 

Developing powders. (One tube of M-Q rlevelops 18 prints 
of the size herein mentioned.) 

4-0Z. hypo with acidifier. 

4-0Z. bottle potassium bromide^ 10^; solution. 

Quantity of 5 by 7 developing out paper, Azo preferred. 

Procedure. —Prepare the developer by dissolving the contents 
of the tube as per airection thereon, and pour the solution into one 
tray, not the one used for fixing bath. In order that no doubt may 
arise as to which tray is for the fixer, take a sharp instrument and 
scratch the letter H in the bottom, so the same may be seen w'hen 
the tray is in use. 

Prepare the fixing bath by dissolving the 4 oz. of hypo and 
acidifier in 16 oz. of water. The temperature of the developing solu¬ 
tion should be normal, or 65®F. If too cold it retards the develop¬ 
ment, and if too warm the development is too rapid, and prints arc 
apt to show steaks. A warm developing solution, fixing bath, or 
nnsing bath produces blisters, due to too rapid action, which pro¬ 
duces gas under the filament on the paper. The fixer and rinsing 
water may have a temperature as low as 4o®F. In fact, the writer 
has had the best success working with the fixing bath and rinsing 
water at this temperature. Prints may be left in running water at 
this temperature all night without blistering or raveling. 



PHOTOGRAPHIC DATA 


829 

Arrange the pans and trays in a row in the following order from 
left to right: (i) dish pan of water in which to rinse the hands and 
finished prints, (2) dripping pan of water in which to immerse the 
prints before placing them in the developing solution, (^) tray con¬ 
taining developing solution, and (4) tray containing fixing bath. 

Provide a towel to dry the hands on before taking up new, 
undeveloped prints. 

Take one sheet of paper and cut the same into strips about 
wide, and keep the same in a lightproof box. These strips are for 
making a trial of the negative, if doubt exists as to the length of 
time to print. Clean the glass of your printing frame and provide 
a mask having a width inside of y using 4}/^ by films. 
The mask should be open at one end so as to allow the legend, which 
has previously been written or printed on the film, to print. The 
mask should be prQvided with paper guides of about 2 by 3^^" pasted 
on one side and top at the corner back from the edge of the opening— 
a distance equal to the white margin that should surround the print 
on the top and the two sides. These guides are generally the thick¬ 
ness of medium-weight detail paper, and serve to hold the paper and 
film together when the same are placed in the frame, and also during 
printing. Printing frames are now made, provided with adjustable 
guides by means of which any desired size of mask may be had. 
These are convenient, and their purchase is suggested. 

Working in subdued light only, and with orange light in position, 
place the film and a sheet of paper in the printing frame, and print 
in accordance with the light used and density of the film. 

Printing should be done in accordance with directions contained 
in the container of the paper purchased. Artificial light is pref¬ 
erable to daylight, and electric, gas, or oil lamps may be used. The 
proper time and distance from light are always given by the manu¬ 
facturer of the paper. 

If daylight be used, hang a sheet over the north window so as 
to diffuse the light and by experiment deduce correct time for print¬ 
ing. Usually medium negatives will print in such a light in from 2 
to 4 sec. Note the time taken to print, and remove the paper, and 
rinse in pan 2, in order to moisten and prepare the surface. Immerse 
in the cleveloping solution, tray 3. When the desired tone is 
obtained take the print from the developing solution, rinse for a 
second or two in tray 2, and then immerse in fixing-bath tray 4. 
Should abrasion marks appear on the print, add from 5 to 10 drops 
of the 10% solution of potassium bromide to the developer. This 
will make the development a little slower, but uill correct this 
trouble. 

Prints should be left in the fixing bath for 20 min. At the end 
of this time, remove them and place in rinsing bath, pan i. If run¬ 
ning water is available, rinse the prints for i hr., or longer if possible. 
If no running water is at hand, rinse in a dozen changes of water, 
keeping the prints moving so as to remove all traces of hypo. 

When washed, collect the prints as you would a deck of cards, 
and taking not more than a dozen at a time, lay them on one fold 
of a towel, placing another fold over them. With an ordinary rolling 
pin, or in the absence of this, a round bottle, roll and press out the 
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excess water. Separate and lay them face down on cheese cloth, 
muslin, or even a clean piece of paper which has been placed on a 
smooth surface, and permit them to dry. When thoroupjhly dry, 
place on a table face down and draw them separately backward 
and upw'ard under a not too sharp straight edge or triangle. This 
will leave them either flat or slightly convex. The prints may now 
be trimmed as desired. 

Two grades of paper are recommended—one grade for average 
negatives, and one for contrasty negatives. Provide siiiiicient 
paper based on the ratio of average to contrasty negati\'es of 6 to 
I. There are several grades of paper with a number of Imishes. 
The glossy finish generally gives the best results for engineering 
purposes, and its use is recommended. To go to the expense of pro- 
\iding more grades of paper than above mentioned is an unnecessary 
refinement. 

With practice the operator will soon be able to judge the destiny 
of negatives so that the use of trial strips will rarely be necessary. 
After sufficient practice, and when the operator is able to judge 
his negatives so as to print to within a reasonable degree of cor¬ 
rectness, printing should be carried on until all the prints required 
have been made, inserting them in a lightproof bo.x or between the 
leaves of a book. Then develop the batch, and perform all opera¬ 
tions through to the hypo bath. The batch after 20 min. may be 
taken from this bath and placed in rinsing water. The white light 
may be turned on as soon as all are in the hypo. By this method a 
large number of prints may be handled in a short time. 

Rinse the hands each time after having them in hy-po, for hypo 
is a strong restrainer, and should you handle prints without so doing 
white finger prints will appear when development is carried on. 

After developing films or prints, wash up all equipment and scrub 
hypo and developing trays with salt—this will remove all traces 
of chemicals. 
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THE SURVEY 

The chapter on Survey will he handled under two main divisions: 
a. Improvement of existing roads. 
h. Location of new roads. 

FOR THE IMPROVEMENT OF EXISTING ROADS 

As the survey furnishes the information for the design, it must 
be carefully made in regard to the essential features. These are 
alignment, levels and cross-sections, drainage, information con¬ 
cerning foundation soils, available stone supply, available sand, 
gravel, filler, etc.; direction and amount of trafiSc, railroad 
unloading points, the location of possible new sidings, and such 
topography along the road as will have a bearing on the design. 
The survey should be made not more than a year before construc¬ 
tion starts and during the open season, as a snowfall of any depth 
makes the work unreliable and only fit for a rough estimate. 
When contracts based on winter surveys are awarded it is always 
necessary to take new cross-sections to insure a fair estimate of 
the excavation. 

A party of five men is a well-balanced force for surveys of this 
character. 

Force Equipment Stationery 

Engineer Transit Reports 

Instrument man Level Pencils 

Three helpers 2 loo' steel tapes Notebook 

3 50' metallic tapes U. S. (jcological Surv^ey 

map. 

3 pickets 

2 level rods Stakes 

Pocket compass For preliminary survey: 

Hatchet no stakes per mile 

Sledge For construction: 

Ax 220 stakes per mile 

Keel 

The Center Line.—The placing of the center-line hubs (transit 
points) requires good judgment and should be done by the chief of 
the party. In locating them he considers the principles of align¬ 
ment discussed in Chap. 11 . The hubs are placed at tangent 
intersections and sometimes at the P. C.’s and P. T.’s of curves 
and are referenced to at least three permanent points that will not 
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be disturbed during construction (see sample page of notes, Fig. 
270). 

‘ The deflection angles at the tangent intersections are usually 
read to the nearest minute, taking a double angle to avoid mis¬ 
takes; the magnetic bearing of each course is recorded. For all 
deflection angles over 4° it is good practice to figure and run in 
on the ground the desired curve. Curves with central angles 
of less than 4° can be run in with the eye during construction. 

The center line is marked at intervals of either 50 or 100' (see 
cross-section, p. 833) in any convenient manner; the alignment of 
these points should be correct to within 0.2 and the distance along 
the line to within o.i per 100' of the length; any attempt to get 
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Fig. 270 .—Alignment notes. 


more accurate stationing is a waste of time. The chaining 
may be done on the surface of the ground up to a grade of 5% with 
no objectionable error; beyond that slope, however, the tape should 
be leveled and plumbed. Steel tapes should be used for chaining 
the center line and referencing the hubs. 

A convenient method of marking the actual center-line sta¬ 
tions is to use a nail and piece of flannel, red flannel for the 100' 
stations and white flannel for the intermediate 50' stations, if 
needed. Where the soil is sandy or muddy, and these nails would 
be kicked out or covered, a line of stakes can be set outside of the 
traveled way on a specific offset from the center line. If an offset 
line is used, however, the chaining of all curves should be done on 
chc center line to insure a correct centcr-linc distance and the 
stakes placed radially on the desired offset. Railroad spikes 
make good permanent transit points and arc easily placed. 

At the same time that the line is run it is just as well to paint 
the 100' station numbers on any convenient place where they 
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can be readily seen, as stations marked in this manner make it 
much easier to sketch in the topography than if marked in chalk 
on stakes. Also, if the stations are permanently marked it is 
easier for the construction engineer to pick up the transit points 
at some future time. 

A party of five men will run from 2 to 4 miles of center line a 
day, the speed depending upon the number of curves and length 
of tangents, if the nubs have been previously placed and referenced. 
If the hubs are placed at the same time the line is run, the work is 
greatly delayed. 

Two men can place and reference the transit points at the 
tangent intersections at the rate of from 4 to 10 miles per day. 

Levels and Cross-sections.—Bench levels are run in the usual 
manner; the levels will be sufficiently accurate if the rod is read 
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Fig. 271.—Bench level notes. 


to the nearest o.oi'; for such work any good level and a self-read¬ 
ing rod graduated to hundredths are satisfactory. Benches are 
established at intervals of 1000 to 1500 they must be substantial, 
well marked, and so situated as not to be disturbed during construc¬ 
tion. A small railroad spike in the root of a tree, a large boulder, 
or the water table of a building make good benches. 

The bench levels may be referred to some local datum in general 
use or to the U. S. levels, or the datum can be assumed. In run¬ 
ning bench levels it is better to use each bench as a turning point, 
as side-shot benches my be wrong even if the line of levels is correct. 

Cross-sections are taken at either 100 or 50' intervals, at all 
culverts, i>ossible new culvert sites, and any intermediate breaks 
not s^own by the normal interval. Enough sections are taken 
to show the constantly changing shape of the road. 
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The distance of the shots from the center line of the road is read 
to the nearest i.o' where the ground has no abrupt change of slope, 
and to the nearest 0.5' where there is a well-defined abrupt change. 
The elevations are read to the nearest o. i'. The sections should 
extend from fence line to fence line, or in villages from sidewalk 
to sidewalk, and the position of the pole lines, tree lines, curbs, 
etc., noted. Engineers ditler as to whether the sections should be 
taken at a normal interval of 50 or 100'. 

Table 136 gives the ditlcrence in the computed quantity of earth¬ 
work, using 50 and 100' sections with intermediate sec tions at well- 
defined breaks in the grade. 


Table 136 


r .'ame of RoaJ 

Length 

1* igured 

Charac¬ 
ter of ^ 
Road 

Excava¬ 
tion so' 
Section 

Excava¬ 
tion 100' 
Section 

.\ppro- 

Mm.itc 

DilTcr- 

ente 

Per cent 
of Differ¬ 
ence 

ScottAville 
Mumford .. 

I mile 

flat 

Cu. I t. 

61,4 U 

Cu. Ft. 

d 1,90 5 

Cu. Ft. 

550 


Scottsvillc 
Mumford .. 
L«roy 

Caledonia .... 

I 

hilly 


111,700 

600 

+ i % 

I 

rolling ! 

57.840 

1 Co.st^'O 

i 2700 

4 - 4j % 

•Leroy 

Caledonia ... 

5 

I 

1 

flat 

77.841 

! 

78 ,f) 5 o 

1 

Soo 

‘ 1 rc 

Clarence 

Center . . i 

rolling 

1 

73.727 

7’..o;S 

700 

- X 

Clarence 

Center . . 

i 

I 

flat 

1 38.037 

30. H 5 

1400 

+ 3ror. 

Lock port 
Tonawnntia 

1 “ 

flat 

1 ! 

50.470 

400 

-f 

•East Henrietta 
Rochester .... 

' . .. 

j_ 

rolling j 

j 37.275 

36,075 

1200 

- 3i % 


The following tabulation shows the variation for shorter sections 
of the starred roads. 


Name .Stall' o 

of and to 

road Station 

Duant;lic-c 
by 50' ‘m-o.- 
tion.s 

Qu.antitiei 
by joo' 
Sections 

.Approx¬ 

imate 

Difrercnc'j 

Per cent of 
Difference 


Cu. I t. 

Cu. Ft. 

Cu. Ft. 


Leroy 





Caledonia, 80- 90 . . . 


I 9 i 5-5 

400 

+ 2 % 

“ 90-100 . . . 

2 I, 9 L 5 

23415 

1500 

+ 7 % 

“ loo-i10 . . . 

21.553 

20,^09 

900 

— 4 % 

“ 110-120 . . . 

15.220 

15,030 

200 

- 

Total and averages 

77.841 

78/^59 

iSoo 

+ 1 % 

Ea.st Henrietta 





Rochester, 0-19 ... 

14,625 

14,300 

300 

-2 % 

" 32-49 ... 

11,950 

IC 575 

350 

- 3 % 

‘‘ 49-^ ... 

10,700 

10,200 

500 1 

— 5 % 

Total and averages . 

37,275 

36,075 

1200 

- 3 i % 
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The question of quantities is not the only factor in determining 
the interval. Where it is important to ht the local conditions, 
as in a village, or to utilize an old, hard foundation, the designer 
is helped by 50' sections. 

In taking cross-sections the work becomes mechanical, and un¬ 
less the engineer in charge is unusually alert to all the intermediate 
changes better results will be obtained by the use of the shorter 
interval. For these reasons the author believes that a 50' interval 
is advisable except on long, uniform stretches of road. 

A party of three men will run from 4000 to 7000' of 50' cross- 
sections per day; a party of four men from 5000 to 9000' depending 
on the country. 
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Fig. 272.—Cross-sectu)n notes. 

Drainage.—'Fhe drainage notes show the position and size of all 
the existing culverts; the area of the watersheds draining to them 
and a recommendation of the size culvert to be built; the location, 
drainage area, and size of desirable new culverts; the necessity for 
outlet ditches and their length, if required; the elevation of flood 
water near streams, and the condition of the abutments and super¬ 
structure of long-span bridges. The cross section levels are sup¬ 
plemented to show these points fully. Where the U. S.geological 
maps arc available the areas of watersluaK can be easily determined ; 
where no such maps have been made tlu' drainage areas can be 
easily mapped with a small 15" plane table oriented with a magnetic 
needle; the distances can be paced and the divides determined with 
a hand level. One inch to 2000' is a convenient scale. 
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The drainage scheme should be carefully worked out by the 
chief of party, as the possibilities of friction with local people 
are greater on this part of the design than any other. In the 
chapter on Drainage this fact was mentioned and designers were 
cautioned not to use new culverts unless necessary. For special 
features of bridge survey sec page 942. 
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Fig. 273 . 


Topography.—The topography notes show the features of the 
adjacent territory that might affect the design. These include the 
location of buildings, drives, intersecting roads, streams, railroads, 
poles, trees, sidewalks, crosswalks, and property lines. The names 
of property owners are recorded. 

A simple method of locating these points is to refer them directly 
to the previously run center line by right-angle offsets; such notes 
are easily taken and quickly plotted. 

In taking the tofK)graphy the plus stationing along the center 
line and the offset distances to all points inside of the road fences 
should be measured by tape to the nearest foot; the distances 
to and the dimensions of buildings, etc., outside of these limits, 
can be paced or estimated; the bearings of the property lines can 
be read near enough with a pocket compass, except for right-of-way 
surveys, which are described on page 840. 

The instruments needed for work of this kind are a pocket 
compass reading to 2®, steel picket, and metallic tape. 
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Two experienced men will take from 2 to 4 miles of topography 
a day except in villages, where from ^ to i mile is average speed. 

Direction and amount of traffic is determined by inspection and 
by a study of the traffic census map for the locality considering the 
relation of the road in question to adjacent completed roads. (See 
page 32 for a discussion of Estimating Future Traffic.) 
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Fig. 274. —Topographic Notes. 


To illustrate the information required, an extract from the sur¬ 
vey report of the Fairport Nine Mile Point Road is given below: 

Fair port Nifu: Mile Point Road Traj^ Report* Heavy Hauling* 
The direction of heavy hauling on this road is approximately as 
follows: 

1. Sta. 195 to Sta. o toward Faiiport. 

2. Sta. 195 to Sta. 400 toward Webster. 

3. Sta. 580 to Sta. 400 toward Webster. 

This divides the road into three sections for the determination 
of the ruling grades. 

The ruling grades for Sec. i will be determined by the hills at 
Stas. 10 and 48 and probably will be limited to 5%. 

The ruling grade for Sec. 2 wull be determined by the knolls 
at Stas. 267, 285, and 300. 

The ruling grade for Sec. 3 will be determined by the hill sat 
Stas. 445 and 494. 

The team traffic is medium-heavy Stas, go to o; light, Stas. 
270 to 90; medium, Stas. 270 to 375; heavy, Stas. 375 to 386; very 
heavy, equivalent to city street, Stas. 386 to 408; medium heavy, 
Stas. 408 to 450, and light, Stas. 450 to 580. Macadam construc¬ 
tion will not be suitable Stas. 386 to 408. 
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The automobile pleasure traffic will be largely through traffic 
and probably fairly heavy. 

For reconstruction designs traffic census counts are usually avail¬ 
able see page 31. 

Foundation Soils.—The notes on soils show the character, width, 
and depth of the existing surfacing material and the kind of under¬ 
lying material. This feature of the survey is important, as it 
governs the thickness of the pavement, and, to a certain extent, 
the position of the grade line where an existing solid foundation 
can be utilized and the thickness of the improved road reduced to 
a minimum. 


^ Soil Notes 

Foundation Recommendations 
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Fig. 275.— Notes on foundation soils. 


Even with a careful soil examination it is impossible to make the 
design of the foundation definite, as mentioned on page 437, but 
the quantity of the material that will be needed can be estimated 
very closely. 

The subsoil can be readily examined by driving a or i" 
steel bar to the required depth, which i.s usually not over 4.0 to 
5.0' even in cuts, removing the bar and replacing with a H" gas 
pipe, which IS driven a few inches and withdrawn. The core will 
give a fair idea of the material to be encountered. 

Where rock is encountered, the elevation of the outcrop is shown, 
and if the rock underlies the road for any distance within 2 or 
3' of the surface, this depth is determined by driving bars. Sample 
notes arc shown beyona. 
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Station 

Left 

Center Line 

Right 


3 - 5 ' 

2.5' 

0.5' 


20 

00 

20 



1.2' 
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The note means that 20' to the left of the proposed center 

line of the imj^rovement the rock is 3.5' below the present surface; 
from these notes the rock can be readily plotted on the cross- 
sections. Its (haracter can be determined from adjacent outcrops 
or from test pits, if required. 

Location and Character of Materials.—The selection of materials 
and the estimate of the construction cost depend on a knowledge 
of the available materials and their location relative to the road. 

Provided these data have not been well gathered on the prelimi¬ 
nary investigation work, it should be obtained at this stage. The 
methods were described in chapter on ITeliminary Investigation 
but will be ref)eated at this point for convenience. 

Unloading Poiiits for Freight .—Provided U. S. geological maps 
arc obtainable, the position of sidings may be marked on the 
sheets. '1 he notes for each siding show its car capacity, whether 
or not an elevator unloading plant can be erected, and if hand 
unloading is necessary whether teams can approach from one 
side or two. They should also slu>w any coal trestles that can 
be utilized in unloading, and the location and probable cost of 
any new sidings that will materially reduce the length of the haul. 
C'anal or river unloading points arc shown in the same manner. 

Sandf Gravel, and Filler Material .—The position of sand and 
gravel pits and filler material are noted with their cost at the 
pit; if no local material is available the cost f.o.b, at the nearest 
siding is given. 

Stone Supply. —T’rovided imported stone is to be used the work 
is simplified to determining the rate f.o.b. to the various sidings 
for the product of the nearest commercial stone-crushing plant 
that produces a proper grade of stone. 

In case local stone is available the location of the quarries or 
outcrops is shown, the amount of stripping, if any, and the cost 
of (quarry rights. If the estimate will depend upon rock owned by 
a single person, an option is obtained to prevent an e.xorbitant 
raise in price. 

For field or fence stone a careful estimate is made of the number 
of yards of boulder stone available, the owners’ names, what they 
will charge for it, the position of the fences or piles relative to the 
road, or side roads, and if the fences are not abutting on a road or 
lane the length of haul through fields to the nearest road or lane. 
As fences are usually a mixture of dillerent kinds of rock, the 
engineer estimates the percentage of granite, limestone, sandstone, 
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etc., and the percentage that will have to be blasted or sledged in 
order to be crushed by an ordinary portable crusher. The amount 
of field stone required per cubic yard of macadam is given in esti¬ 
mates (p. 1130). If there is a large excess of stone a careful estimate 
need not be made, only enough data being collected to determine 
the probable position of the crusher set-ups and the average haul 
to each set-up. If a sufficient supply is doubtful, a close estimate 
is made as outlined above and options obtained from the various 
owners. 

Samples of the different rocks are tested (see Materials). 



Cost of Preliminary Surveys ,—Preliminary surveys of the preced¬ 
ing description should be made at a speed of from 2 to 4 miles per 
week at a cost of from $70 to $150 per mile, allowing $10 per day 
for the engineer, $7 for the instrument man, $4 per man for three 
laborers, $2 per day board per man, and $4 per day for livery. 

Right-of-way and diversion-line surveys are often needed, but 
are usually not made at this time; if the designer believes that 
additional land must be acquired or that a diversion line is necessary, 
he indicates the information desired and the surveys are made. 

Right-of-way Surveys. —These surveys are used not only to 
show the amount of land to be acquired, but also the damage to 
property from altering the shape of a field, cutting a farm in two, 
changing the position of a house or barn relative to the road, etc. 

The acreage to be taken is shown by an ordinary land survey 
in which the road lines, property lines, corners, etc., are located 
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in relation to the proposed center line of the improvement, and 
their lengths and bearings carefully determined. It is often 
diflScult to locate the road boundaries, as town records are care¬ 
lessly kept and there is a general tendency to encroach on the 
road. As the amount paid for new right of way is rarely settled 
on an acreage basis, it is customary to take the existing fence 
lines as the road line unless it is very evident that the fence has 
been moved. This produces better feeling on the part of the 
property owner and does not affect the price paid. The lines 
Dctween adjoining properties are usually well defined. 

In cases where an orchard is damaged the position and size of 
the trees are noted; where a field or farm is cut the whole field is 
shown, with the shape and acreage of the pieces remaining after 
the land actually appropriated has been taken out. 

As is usually done in all land surveys, the parcel to be bought 
is traversed and the survey figured for closure error to insure 
the description against mistakes. 

The standard form of map and description of the N. Y. State 
Department is shown in the following illustration: No. 276. 

Figure 276 A shows another simple method which ties in the 
back line by offset distance. This method is easier and serves the 
purpose very well. 
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Table 137. —Horizontal Distances and Elevations from 
Stadia Readings^ 


OO 1 

I® 

2° 

3* 


Hor. 

Diflf. 

Hor. 

Diflf. 

Hor. 

Diff. 

Hor. 

Diflf. 

Bfinutes 

Dist. 

Elev. 

DisL 

Elev. 

DisL 

Elev. 

Dist. 

Elev. 

0. 

100.00 

0.00; 

99-97 

1-74 

99.88 

3-49 

99-73 

5-23 

2 . 

100.00 

0.06 j 

99-97 


99-87 

3-55 

99.72 

S-=<8 

4 . 

100.00 

0.12 1 

99-97 

1.86 

99-87 

3.60 

99.71 

5-34 

6. 

100.00 

0.17 i 

99.96 

1.92 

99.87 

3.66 

99.71 

5-40 

8. 

100.00 

0.23 ; 

99.96 

1.98 

99.86 

3-72 

99.70 

5 -46 

10. 

100.00 

0.29 

99.96 

2.04 

99.86 

3-78 

99.69 

S-52 

12. 

100.00 

0-35 j! 99-96 

2.09 j 

99.8s 

3-84 

99.69 

5-57 

14. 

100.00 

0.41 i 

99-95 

2-IS 

99-85 

3-90 

99.68 

563 

16. 

100-00 

0.47 

99-95 

2.21 

99.84 

3-95 

99.68 

5-69 

18. 

100.00 

0.5^ 

99 - 9 S 

2.27 

99.84 

4.01 

99.67 

5-75 

20. 

100.00 

0.58 

I 99-95 

2-33 

99-83 

4.07 

99.66 

S-8o 

22 . 

100.00 

0.64 

99-94 

00 

99-83 

4-13 

99.66 

5-86 

24. 

100.00 

0.70 

99.94 

2.44 

99.82 

4.18 

99.65 

5-92 

26. 

99.99 

0.76 

99.94 

2.50 

99.82 

4.24 

99.64 

5 -98 

28. 

99.99 

o.Si 

' 99-93 

2.56 

99.81 

4-30 

99-63 

6.04 

30. 

99-99 

0.87 

' 99-93 

2.62 

99.81 

4-36 

99-63 

6.09 

32. 

99.99 

0-93 

99-93 

2.67 

! _ 

i 99.00 

4.42 

99.62 

6.15 

34 . 

99.99 

0.99 

; 99-93 

2-73 

99.80 

4.48 

i 99.62 

6.21 

36. 

99.99 

1.05 

99-92 

2.79 

99-79 

4-53 

99.61 

6.27 

38. 

99.99 

I.II 

99.92 

2.8s 

99-79 

4-59 

99.60 

6.33 

40. 

99.99 

I.16 

; 99-92 

2.91 

99.78 

4-65 

99-59 

6.38 

42. 

99-99 

1.22 

' 99-91 

2.97 

99.78 

4.71 

99-59 

6.44 

44 . 

99.98 

1.28 

I 99-91 

3-02 

99-77 

4.76 

99-58 

6.50 

46. 

99.98 

1-34 

99.90 

3.08 

99-77 

4.82 

99-57 

6.56 

48. 

99.98 

1.40 

99.90 

3-14 

99-76 

4.88 

99-56 

6.61 

SO. 

99.98 

1-45 

99.90 

3.20 

99.76 

4.94 

99-56 

6.67 

52 . 

99.98 

I- 5 I 

99.89 

3.26 

99-75 

4.99 

99-55 

6.73 

54 . 

99.98 

1-57 

99-89 

3-31 

99-74 

5-05 

99-54 

6.78 

56. 

99-97 

1.63 

99-89 

3-37 

99-74 

5 -II 

99-53 

6.84 

58. 

99-97 

1.69 

99.88 

3-43 

99-73 

5-17 

99-52 

6.90 

60. 

99-97 

1.74 

99.88 

3-49 

99-73 

5-23 

99 -SI 

6.96 

c = 0.75. 

1 0.7s 

O.OI 

; 0.75 

0.02 

0.7s 

0.03 

0-75 

0.05 

C I.CX>. 

! rrv. 

1.00 

0.01 

I.OO 

0.03 

x.oo 

0.04 

1.00 

0.06 

c — 1.25. 

j *-»s 

0.02 

r 

1 1-25 

0.03 

■ 


m 

■ 


*Prom “Theory and Practice of Surveying/’ by Prof. J. B. Johnson. Nov 
York; John Wiley 3 c Sons. We arc enabled to use this form through th< 
courtesy of Prof. J. B. Johnson. 
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Tabu 137. —Horizontal Distances and Elevations non 
Stadia Readings.— 


4 ° 

5 

0 1 

6 

0 

7 

0 


HI 

Diff. 

Hor. 

11 


R1 

HI 

Dill. 


m 

Elcv. 

Dist, 

m 


fm 

19 

Elcv. 

0 . 

99-51 

6.96 

99.24 

8.68 

98.91 

10.40 

98.31 

12.10 

2. 

99-SI 

7.02 

99-23 

8-74 

98.90 

10.45 

98.30 

12.15 

4 . 

99-5° 

7.07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6. 

99-49 

7.13 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8. 

1^.48 

7.19 

99.20 

8.91 

98.86 

10.62 

98.46 

12.32 

1 ■°. 

99-47 

7-25 

99.19 

8.97 

98.8s 

10.68 

98.44 

12.38 

, 12. 

99.46 

7-30 

9g.i3 

9-03 

98.83 

10.74 

98.43 

12.43 

; H. 

99-46 

7-36 

99.17 

9. 00 

90.82 

10.79 

98.41 

12.49 

1 16 . 

99-4S 

7.42 

99.16 

9.14 

9S.81 

10.S5 

98.40 

12.55 

18 . 

99-44 

7.48 

99-^5 

9.20 

98.80 

10.91 

98.39 

12.60 

20. 

99-43 

7-53 

99.14 

9-2S 

98.7S 

10.96 

98.37 

12.66 

22 . 

99.42 

7-59 

99-13 

9-31 

98-77 

11.02 

98.36 

12.72 

124. 

99.41 

7.65 

99.11 

9-37 

98.76 

11.0S 

9S.34 

12.77 

^6 . 

99.40 

7.71 

99.10 

9-43 

98.74 

II.13 

9S.33 

12.83 

i 28 . 

99-39 

7.76 

99-09 

9.48 

98.73 

II.19 

98-31 

12.88 

13°. 

99-38 

7.82 

99.08 

9-54 

98.72 

11.25 

98.29 

12.94 

1 82. 

99-38 

7.88 

99-07 

9.60 

98.71 

11.30 

98.28 

13-00 

34. 

99-37 

7-94 

99.06 

9-65 

98.69 

11.36 

98.27 

13-05 

36. 

99-36 

7-99 

99-05 

9.71 

98.G8 

1142 

98.25 

13-11 

3S. 

99-3S 

8.05 

99-04 

9-77 

98.67 

11-47 

98.24 

13-17 

40. 

99-34 

8.11 

99-03 

9-83 

98.6s 

11-53 

98.22 

13.22 

42. 

99-33 

8.17 

99.01 

9.88 

9S.64 

11-59 

98.20 

13-28 

44. 

99-32 

8.22 

99.00 

9.94 

98.63 

11.64 

98.19 

13-33 

46. 

99-31 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 

13-39 

48. 

99-30 

8-34 

98.98 

10.05 

98.60 

11.76 

98.16 

13-45 

50. 

99.29 

8.40 

98.97 

lO.II 

98-58 

11.81 

98.14 

1 

13-50 

S2 . 

99.28 

8-45 

98.96 

10.17 

98.37 

11.87 

98.13 

13-56 

54. 

99.27 

8.51 

98-94 

10.22 

98.36 

11-93 

98.11 

13-61 

S6. 

99.26 

8.57 

98-93 

10.28 

98.34 

11.98 

98.10 

13-67 

58. 

99-25 

8.63 

98-9* 

10.34 

98.33 

12.04 

98.08 

13-73 

60. 

99.24 

8.68 

98-91 

10.40 

98.31 

12.10 

98.06 

13-78 


0.7s 

0.06 

0.75 

0.07 

0.75 

0.08 

0.74 

O.IO 

C « I.CX>. 

1.00 

0 

b 

Co 

0.99 

0.09 

0-99 

O.II 

0.99 

0.13 

c - 1.25. 

1-25 

0.10 

, 1.24 

0.11 

1.24 

0.14 

1.24 
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Table 137. —Horizontal Distances and Elevations from 
Stadia Readings.— Continued 
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T/\ble IJ7.—Horizontal Distances and Elevations from 
Stadia Readings.— Continued 



12 

■ 


■ 

■ 

ts“- 

Minutes 

Hor. 

Di£f. 

Hor. 

Biff. 

Hor. 

Diff. 

Hor. 

DifF. 

Dist. 

Eiev. 

Dist. 

Kiev. 

Dist. 

Elev. 

DisU 

Elev. 

0. 

95.68 

20.34 

94.94 

21.92 

94-15 

23*47 

93-30 

25*00 


y 3-(>5 

20.39 

94.91 

21.97 

94.12 

23*52 

93-27 

25-05 

4 .• 

95 -<i 

20.44 

94.89 

22.02 

94.09 

23.3S 

93-24 

25.10 

6.1 

95.61 

20.50 

94.86 

22.08! 

94.07 

23-63 

93.21 

25.15 

8. ! 

9 S-s 3 

20.55 

94.84 

22.13 

94.04 

23.68 

93.18 

25.20 

10.1 

95-56 

20.60 

94.81 

22.18 i 

94.01 

23*73 

93.16 

25*25 

i 

12.' 

95-53 

20.66 

94*79 

22.23 1 

93-98 

23-78 

93*13 

25-30 

H.1 

95-51 

20.71 

94.76 

22.28 , 

93-95 

23-83 

93.10 

25-35 

16.! 

95 -m 9 

20.76 

94.73 

22-34' 

93-93 

23.S8 

93.07 

25.40 

18.' 

95 - 4 '-> 

20.81 

94-71 

22.39; 

93-90 

23-93 

93-04 

25-45 

20. 

95-44 

20.S7 

94 » 6 S 

2.-44 , 

93-87 

23-99 

93-01 

25*50 

22.1 

95-41 

20.92 

1 

' 94.66 

.2-49” 93.84 

24.04 

92.98 

25*55 

24 . 

95-30 

20.97 

04-63 

22.54 

93.S1 

24.09' 92.9s 

25.60 

26.' 

95-30 

21.03 

94.60 

22.60 

93-79 

24.14 

92.92 

25.65 

28.' 

05-34 

21.0S 

94 - 5 ^ 

22.C5 

53-76 

24.19 

92.89 

25-70 

. 1 

95-32 

:i.i 3 

i 94-55 

22.70 

93-73 

24.24 

92.86 

25*75 

32. 

1 

'95-29 

21.iS 

04-52 

22.75 

1 

'93-70 

24-29 

92.83 

25.80 

34. 

95-27 

21.24 

; 94-50 

22.80 

93-67 

24-34 

92.80 

25-85 

36 . 

' 95-24 

21.29 

4 94-47 

22.S5 

93-63 

24-39 

92.77 

25*90 

38 . 

95-22 

21-34 

, 94-44 

22.91 

93.62 

24.44 

92.74 

25*95 

40. 

, 95-19 

21-39 

: 94-42 

22.96 

j 93-59 

24.49 

92.71 

26.00 

42. 

'95-17 

21.45 * 

94.30 

23-01 

193-36 

24.5s 

92.68 

26.05 

44. 

1 95-14 

21.50 

94 - 3 ^ 

23.06 

193-53 

24.60 

92.65 

26.10 

46. 

95-12 

21.55 

94.34 

23,11 

93-50 

24-65 

92.62 

26.15 

48 .! 

95-09 

21.60 

94.31 

23.16 

93-47 

24.70 

92.59 

26.20 

50. 

95-07 

21.66 

94.28 

23.22 

93-45 

24-75 

92.56 

26.25 

52. 

i 95-04 

21.71 

94.26 

23.27 

93-42 

24.80 

92.53 

26.30 

54. 

56. 

95-02 
i 94.99 

21.76 

21.81 

94.23 

94.20 

23-32 

23.37 

53-39 

93-36 

24-85 

24.90 

92.49 

92.46 

26.3s 

2640 

ss. 

' 94-97 

21.87 

94.17 

23.42 

93*33 

24-95 

92.43 

26.45 

60. 

94-94 

21.92 

94.15 

23.47 

93-30 

25.00 

92.40 

26.50 


0.73 

0.16 

0-73 

0.17 

0.73 

0.19 

0.72 

0.20 


0.98 

0.22 

0.97 

0.23 

0.97 

0.2$ 

0.96 

0.27 

c » 1.25. 

ID 

0.27 

1.21 

0.29 

1.21 

0.31 

1.20 

0.34 
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Table 137. —Horizontal Distances and Elevations from 
Stadia Readings.— Continued 



20 

0 


0 

22 

0 

23 

0 


Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hinutcs. 

Dist. 

Elcv. 

Dis>t. 

Elcv. 

DisU 

Elev. 

Dibt. 

Elev. 

0 . 

88.30 

32.14,1 

87.16 

33-46 

85-97 

34.73 

84-73 

35-97 

2 . 

88.26 

32.18 

87.12 

33-50 

85-93 

34.77 

84.69 

36.01 

4 . 

88.23 

32.23 

87.08 

33-54 

85.89 

34.82 

84.65 

36.0s 

6. 

88.19 

32.27 

87.04 

33-59 

85.8s 

34.86 

84.61 

36.09 

8. 

8S.15 

32.32 

87.00 

33-63 

85.80 

34.90 

84.57 

36.13 

10. 

88.11 

32.36 

86.96 

33-67 

85.76 

34.94 

84.52 

36.17 

12. 

88.08 

32.41 

86.92 

33-72 

85-72 

34.98 

84.48 

36.21 

14. 

88.04 

32-45, 

86.88 

33-76 

85.68 

35-02 

84.44 

36.2s 

16. 

83.00 

32.49 

86.84 

33-80 

85.64 

35-07 

84.40 

36.29 

18. 

87.96 

32.54 

86.80 

33-S4 

85.60 

3 S-II 

84.35 

36.33 

20. 

87-93 

32-58 

86.77 

33-89 

85-56 

35.15 

84.31 

36.37 

22 . 

87.89 

32.63 

86.73 

33-93 

85-52 

35*19 

84-27 

36.41 

24. 

87.8s 

32.67 

86.69 

33-97 

185.48 

35-23 

84.23 

36-45 

26___ 

87.81 

32.72 

86.6$ 

34.01 

185.44 

35.27 

84.18 

36-49 

28. 

87-77 

32.76 

86.61 

34.06 

I 85.40 

35.31 

84.14 

36-53 

30. 

87-74 

32.80 

86.57 

34.10 

85-36 

35-36 

84.10 

36-57 

32. 

87.70 

32-85 

86.53 

34-14 

185-31 

35-40 

84.06 

36.61 

34 . 

87.06 

32-89 

86.49 

34.18 

185-27 

35-44 

84.01 

36.6s 

36. 

87.62 

32-93 

86.4s 

34.23 

S5-23 

35-48 

83.97 

36.69 

38. 

87.58 

32-98 

86.41 

34.27 

85.19 

35-52 

83.03 

36.73 

40. 

87-34 

33-02 

86.37 

34.31 

185.15 

35-56 

83.89 

36.77 

42. 

87.51 

33-07 

86.33 

34.35 

85.11 

35-60 

83.84 

36.80 

44 ...... 

87-47 

33-11 j 

86.29 

34.40 

85.07 

35-64 

83.80 

36.84 

46. 

87-43 

33-15 

86.25 

34-44 

S5.02 

35-68 

83.76 

36.88 

48. 

87-39 

33-20 

86.21 

34.48 

84.98 

35-72 

83-72 

36.92 

SO. 

87-35 

33-24 

86,17 

34.52 

84.94 

35-76 

83.67 

36.96 

52. 

87-31 

33-28 

86.13 

34.57 

84.90 

3 S- 8 o 

83-63 

37.00 

54 . 

87.27 

33-33 

86.09 

34.61 

84.S6 

35-85 

83-59 

37.04 

56. 

87.24 

33-37 

86.05 

34.65 

84.S2 

35-89 

83-54 

37.08 

S8. 

87.20 

33-41 

86.01 

34.69 

84.77 

35-93 

83.50 

37.12 

60. 

87.16 

33-46 

85-97 

34-73 

84-73 

35-97 

8346 

37.16 

c - 0.75. 

0.70 


m 


0.69 

0.29 

0.69 

0,30 

C ■« 1 . 00 . 

0.94 

0.3s 

0.93 

0.37 

0.92 

0.38 

0.92 

0.40 

c - 1.25, 

I.I 7 

0.44 

1.16 

0.46 

I.IS 


1.1$ 

0.50 
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Table 137.— Horizontal Distances and Elevations 
Stadia Readings.— Continued 


Minuter. 1 

Hor. 

Diff. 

1 Hor. 

Diff. 

1 Hor. 

Diff 

Hor. 

Diff. 

Dist. 

Elev. 

j Dist. 

Elev. 

Dist. 

Elev. 

j Dist. 

Elev. 

0. 

83-46 

37.16 

; 82.14 

38.30 

80.78 

39-40 

: 79-39 

40.45 

2. 

83.41 

37.20 

; 82.09 

38.34 

80.74 

39-4-^ 

' 79-34 

40.49 

4. 

83-37 

37-23 

82.05 

38.38 

80.69 

39-47 

79-30 

40.52 

6. 

83.33 

37-^7 

i 82.01 

38.41 

i 80.65 

39-51 

79-25 

40.55 

8. 

83.2S 

37-31 

Si.96 

3S.43 

i 80.60 

39-54 

' 79-20 

40.59 

10. 

83.24 

37-35 

S1.92 

3S49 

80.5s 

39-58 

I 79-15 

' 79-11 

40.62 

12. 

83.20 

37-39 

81.S7 

38.53 

1 80.51 

39.61 

40.66 

14. 

83.15 

37-43 

S1.83 

3^-56 

80.46 

39.<’5 

79.06 

40.69 

16. 

83.11 

37-47 

Si.78 

3S.60 

80.41 

39-<^9 

79-01 

40.72 

18. 

83.07 

37-51 

81.74 

3S.64 

.80.37 

39-72 

7S.96 

40.76 

20. 

, 83.02 

37-54 

/ 81.69 

3S.67 

,80.32 

39-76 

: 78.92 

j 

40.79 

22. 

^ 82.98 

37-5S 

81.6J 

38.71 

^ 80.28 

39-79 

' 78.87 

40.82 

24. 

82.93 

37-<j- 

; 81.60 

38.75 : 

S0.23 

39-83; 

78.82 

40.86 

26.' 

82.S9 

37.06 

81.56 

38-78 I 

80.1S 

39.86; 

, 78.77 

40.89 

28.1 

82.S5 

37-70 

|. 81.51 

3S.82 j 

' 80.14 

39-90 i 

1 78.73 

40.92 

30 .i 

82.80 

37-74 

isi.47 

38.86! 

1 80.09 

39-93 

7S.O8 

40.96 

32. j 

; 82.76 

37-77 

81.42 

38.89 i 

1 

' 80.04 

39-97 

' 78.63 

40.99 

34. 

82.72 

37-8t 

S1.38 

38-93 . 

, 80,00 

40.00 

1 78.58 

41.02 

36. 

82.67 

37-85 

^^^1-33 

38.97 

' 79-95 

40.04 

' 78.54 

41.06 

38 . 1 

82.63 

37-89 

81.28 

39-00 ■ 

: 79.90 

40.07 j 

,! 7S.49 

41.09 

40.j 

1 

j! 82.58 

37-93 

i 81,24 

39-04 ; 

, 79-88 

4 'o.ii 

78.44 

41.12 


52.182.32 I 

54. 82.27 j 

56. 82.23 

58.182.18 

6q.I 82.14 


39.08 !l 79.81 
39.11;’; 79.76 
39-15" 79-72 
39.1s;, 79.67 
39.22 |j 79.62 

39.261179.58 

39.29 I 79-53 
39-33 79-48 
39-36!; 79.44 
39-40 jj 79-39 

i| 

0.32:1 0.67 


40.14 78.39 41-16 
40.18 78.34 41.19 
40.21 78.30 41.22 
40.24 78.25 41.26 
40.28 I 78.20 41.29 

40.31 78.15 41-32 
40.35 78.10 41.3s 
40.38 78.06 41.39 
40.42 78.01 41.42 

40.45 77-96 41.45 


1.00.i 


0.45 
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Table 137.—Horizontal Distances and Elevations 
Stadia Readings.— Concluded 



0.65 


0.60 

1.09 

0.62 

1.08 
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Diversion-Une Surveys.—Where there is no doubt as to the 
grade to be adopted, or the alignment to be used, the location 
is made directly in the field and the center line is run and the cross- 
sections taken in the same manner as for a preliminary survey. 
If, however, the country is badly cut up and it is difficult to make 
a field location direct, a transit stadia survey is made covering the 
territory that will include all the possible, locations, and from the 
resulting contour map the different locations are projected and 
approximate estimates figured. The adopted line is then run in 
tne field, cross-sections taken in the usual manner, and an accurate 
estimate made. This method is used so seldom that the author 
does not feel justified in giving much space to the theory of stadia 
measurements or the methods of stadia surveys (see p. 932). If 
the reader is not familiar with this class of work he is referred to the 
standard works on surveying. 

A convenient scale for a contour map for the projection w’ork 
mentioned above is i"' = 20' with a contour interval of i to 5', 
depending on the country. Table 137 is useful for reducing stadia 
notes. For a small number of shots this table and a slide rule will 
answer the purpose; for any extended amount of w'ork a stadia 
reduction diagram or Noble & Casgrain’s tables arc recommended. 

If the stadia work is well done very satisfactory projections 
can be made. A reasonable closure error for stadia surveys is 5 ft. 
per mile horizontal distances line closure. 0.3 ft. per mile vertical 
elevation closure and individual contour shots 0.2 in error. 

Adjustment of Instruments 

Instruments must be kept in perfect adjustment and the first 
page of survey notes for any job should contain the signed state¬ 
ment of the Engineer in charge that all instruments were in good 
adjustment at all times. 

Y-level. To Make the Line of Collimation Parallel to the Telescope 
Rings. —Level the instrument roughly. Loosen the Y-clamps so 
the telescope can turn freely in them; clamp the horizontal motion 
and by means of the leveling screws and tangent motion bring the 
intersection of the cross-hairs on some well-defined point. Then, 
without lifting from the Y’s, turn the telescope over 180°, w’atching 
to see if the cross-wires remain on the point during the operation; 
if they do, the adjustment is correct; if they do not, correct one-half 
the apparent error for both vertical and horizontal wires bv means 
of the cross-hair ring, adjusting screws, and repeat until the wires 
remain on the point for a complete revolution. 

To Make the Longitudinal Axis of the Level Bubble Parallel to the 
Plane of the Line of Collimation. —Level the machine over either pair 
of leveling screws; unclamp the Y’s; rotate the telescope in the Y’s 
imtil the bubble tube is on one side of the bar. If the bubble 
remains in the center, the adjustment is correct. If it runs from the 
center bring it to its correct position by means of the sidewise 
adjusting screw at one end of tne bubble case. 

To Make the Bubble Parallel to the Rings and Line of Collimation .— 
Level the machine; unclamp the Y’s; lift the telescope carefully 
from the Y’s and reverse end for end; if the bubble runs to the center 



ADJUSTMENT OF INSTRUMENTS 


853 


after the telescope has been reversed the adjustment is correct; 
if not, correct one-half the error by means of the adjusting nuts on 
the bubble case and one-half the error with the leveling screws and 
repeat the test until the bubble remains in the center. 

To Adjust the Y's so the Level Bubble Will Be at Right Angles to 
the Axis of the Instrument. —Level the machine approximately over 
both sets of screws; level carefully over one set; rotate on the spindle 
i8o°; if the bubble remains in the center the adjustment is correct; 
if not, correct one-half the error by means of the adjusting nuts 
on the Ys and one-half by the leveling screws. Repeat until the 
bubble remains in the center when reversed over either pair of 
leveling screws. 

To Test the Horizontal Wire. —Be sure that the pin in the Y-clamp 
is in the notch of the telescope ring to keep the telescope from 
rotating; level the machine and compare the horizontal wire with 
any level line; if the wire is not level loosen the cross-wire ring and 
turn to the correct position. Adjust again for collimation and the 
level adjustments are complete. 

Dumpy Level. To Make the Bubble Perpendicular to the Axis 
of the Instrument. —Level the machine roughly over both sets of 
leveling screws and carefully over one set; rotate on the pinion i8o°; 
if the bubble stays in the center the adjustment is correct; if not, 
correct one-half the error by means of the bubble adjusting nut and 
one-half by the leveling screws, and repeat until correct. 

To Make the Horizontal Line of Collimation Parallel to the Level 
Bubble. —Level the machine; drive a stake about 150 or 200' from 
instrument and set the level rod target by the horizontal wire; rotate 
the instrument 180° and set another stake at the same distance 
from the machine as the first one; drive it until a rod reading taken 
on it is the same as the reading on the lirst stake. These stakes will 
then be level even though the machine is out of adjustment. Then 
set the level up near one of the stakes; level carefully and take rod 
readings on both; if these readings are the same the level is in adjust¬ 
ment; if not, correct the position of the horizontal wire by means of 
the cross-wire ring screws until the readings on both stakes are the 
same. 

I'cst the horizontal udre on a level line in the same manner as for 
the y-level. 

Transit. Plate Levels. —Level the machine with each plate level 
bubble parallel to one set of leveling screws; rotate on the spindle 
180®; if the bubbles remain the in center the adjustment is correct; 
if not, correct one-half the error with the bubble adjusting screws 
and one-half with the leveling screws. Repeat until correct. 

Line of Collimation^ Ordinary Distances. —Level the machine; 
clamp the horizontal motion; with the slovv-motion screw set the 
vertical cross-wire on some well-defined point 500 or 6cx>' away; 
transit the telescope and set a mark tne same distance in the 
opposite direction; then rotate the machine on the spindle, set on 
the 6rst mark, and transit the telescope; if the vertical wire strikes 
the second point the adjustment is correct; if not, correct one- 
fourth the error by means of cross-wire ring adjusting screws and 
repeat until correct. 
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To Make the Standards the Same Height ,—Level the machine 
carefully; set the vertical wire on some well-defined point as high 
as can be seen; bring the telescope down and set a point; rotate 
the machine i8o°; transit the telescope set on the low point and 
raise the telescope; if the wire bisects the original high point the 
adjustment is correct; if not, correct one-half the error by means 
of the standard adjusting screw. 

Test the vertical wire by means of a plumb line to see that it 
is vertical; if not, loosen the cross-hair ring and turn to the correct 
position; test again for collimation. 

If the transit is to he used as a level make the level bubble 
parallel to the horizontal wire by the two-peg method in the same 
manner as describcH for the Dumpy level. 

Explanation of Curve Tables and Development of Curve Formu¬ 
las.—Curv'cs for road work need not be so carefully worked out as 



Fig. 277. 


in railroad surveying. Except for long curves the external is 
usually measured and the curve run in by the eye, and for this 
reason many of the tables given in the railway fiehl manuals arc 
omitted and those used are tabulated in a different form. 

Table 138, Radii of Curves .—The curve radii are computed on a 
basis of 5730' as the radius of a 1® curve and arc inversely propor¬ 
tional to the degree of curvature; they are tabulated to the nearest 
o.i'. The usual columns showing logarithm of radius, tangent 
offset, and middle ordinate are replaced by the deflection angle 
per foot of arc, per 25' of arc, and per 50' of arc, which saves con¬ 
siderable time m the computation of deflections. These values 
are tabulated only for even degree, 20, 30 and 40' curves, as there 
is always suflScient leeway both in the external and tangent to 
select a suitable curve from this list. 

Table 139, Functions of i® Curve .—Column i gives the central 
angle A for every 10' from o' to 4®, every minute 4 to 100®, and every 
10' 100 to 120®. 
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Cdimm a dvat tlie same cmtnX ani^e imi in o^ttnm i mitasad 
in daciiatala <H a d^sraa* This almp!i&a figunng the 

Odiinmi $ and 4 give the taagoit and eztenial lor the central 
ani^ea of ooTumn z to the nearest o.z\ By the use of the dioid 
kng^ recommended at the top of each page of this table no 
correc^n need be made for tangent length or extemid distance 
of any desired curve, figured by dividing the value given in the 
t^le V degree of curvature required. 

Hie error that Is introduced bv the use of these chords is less 
than o.z' per zoo', which is the allowable limit of error in chaining 
center line. 

For the convenience of readers not familiar with the theory of 
curves and the computation of curve notes, the following brief dem* 
onstration is made: 

Radii of Curves and Degree of Cur^ture*—A x" curve is defined 
as a curve having such a radius that zoo' of arc will subtend a 
x^ central angle. 

There are 360* of central angle for a complete circle. Thedrcum- 
ference Of a drde is expressed by the formula airR. Therefore the 
radius of z* curve it determined by the formulas 


«* 360 X zoo 
U • 36,000 ^ 36,000. 

aw 9^14159) 


5799.6' 


(x) 


Tabu xjS.—Radh and DsFUcnoNS 
Figured on a buds of 1 ! > 5730' for a i* curve. 
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RADH AND DEFLECTIONS 857 


Tablx ii%.—-ConUtiMti 



Radiol of 
Curve 

Deflection 
per ft. of 
Arc 

Deflection per 
•5'of Axe 

DeflectfoB per 
S</o£Aie 



Minutei 

Degree 

Minutes 



*9 «>' 

301.6 

05*7 

2 

22.5 



19* 30 

393.8 

05.85 

2 

26.2 



20® 00' 

286.5 

06.0 

2 

30.0 



*>•30' 

379.S 

06.15 

n 

33*7 



ai* 00' 

272.9 

06.30 

■■ 

37-5 



21® 30' 

266.5 

0645 

2 

41.2 



22® 00' 

260.5 

06.6 

2 

4S*o 



22® Zcf 

2S4-7 

06.7s 

2 

48.7 




249.1 

06.9 

2 

52*5 



*3> 


07-05 

2 

56.2 




238.8 

07.2 

3 

00.0 



*♦> 

233*9 

07*3$ 

3 

03-7 



as* 00' 

229.2 

07.5 

3 

07.S 



26® 00' 

220.4 

07.8 

3 

15.0 



27® 00' 

212.2 

08.Z 

3 

22.5 



38*00* 

204.6 

084 

3 

30.0 



29® 00' 

197.6 

08.7 

3 

37*5 



30*00' 

X91.0 

09.0 

3 

45*0. 

Deflectiofi per 






xyof Arc 

31*00' 

33*00; 

184.8 

179*1 

09*3 

09.6 

3 

52.5 

00.0 



4 

2?J 


33*00 

173*6 

09,9 

— 

— 

X® 


34*00 

168.5 

10.2 

— 

— 

1® 


35 00' 

163.7 

X0.5 



X® 

45 

36* ©o' 

159*2 

X0.8 

... 


X® 

48; 

37*0©; 

154*9 

XI.X 


—- 

X® 

S* 


150.8 

XI4 

— 

— 

1® 

54; 


146.9 

X1.7 

— 

— 

X® 


40*00' 

143*2 

12^ 



2® 

00' 

4a* 00' 

1364 

12.6 



2® 

06' 

44*00' 

33*00; 

Z30.2 

124.6 

23*2 

134 

■ 


2® 

2® 

la* 

18' 


1x94 

M4 

— 


2® 

K 

SO* OB' 

1x4.6 

15.0 

— 

— • 

2® 

30' 

s<oo; 

izaf 

X5.6 



a* 

3«; 


X06.1 

m2 



2® 

42 

8014 

iM 

— 

— 

*• 

4r 
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For all practical purposes the vidue of 5730 can be used. 

In the same manner a 2^ curve is one having such a radius that 
100' of arc will subtend a® of central angle» and its radius is 


or one-half of the radius of a i® curve. The radius of a 3® curve will 
be one-third of 5730. The radius of a 4® curve will be one-fourth 
of 5730, 

The formula for the radius of any degree of curve is, therefore, 

(0 

The degree of curvature for any specified radius is, therefore, 

D - (3) 

In general, the degree of curvature is expressed by the central 
angle subtended by 100* of arc, and the radius for that degree 
of curve is found by dividing 5730', the radius of a i® cunre, by the 
degree of ctxrve desired expressed in degrees and decimals of a 
degree; that is, if the radius of a 3* 30' curve b wanted, divide 
5730 by 3.5, which equals 1637.1'. Tnc radii given in Table 138 
are compute in thb manner. 

Lengtk of Curve ,—For a 5® curve a central angle of 5® subtends 
roo' of arc; a central angle of 10®, 200' of arc; a central angle of 
12® 30', 250' or arc; that b, for a specified central angle ^e length 
of any specified curve equals that central angle expressed in degrees 
and decimals of a degree divided by the de^ee of curve expressed 
in degrees and decimals multiplied by 100; f.e., the length of a 10® 

15' curve for a central angle of 20® 45' * x 100' * 202.4' 

10 . 2 $ 

and b expressed by the formula (continued on p. 885). 

Table 139.— Functions or a i® Curve Figured on a Basis of 
R » 5730' and Tabulated to Tenths op Feet 

tJie too' chords up to 8® Curves Vto as' chords up to 3a® Curves 
Use 50' chords up to 16® Curves Use 10' chords aoovo 3a® Curves 


Use 10' chords aoovo 3a® Curves 
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Uae xoo' Chords tip to 8* Curvoi Vm ss' Chords up to 3** Curves 
Use so' Chords up to xd* Curves Use xo' Chords above 3a* Curves 
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STOVEY DATA 


Uae loo' Chords tip to 8* Cturvos Use as' Chords up to sa* Curves 
Use so' Choords up to x6* Curves Use lo' Chords above 3a* Curves 
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Ua« 100' Chords up to 8* Curves 
Use 50' Chords up to z6* Curves 


Use 2S* Chords up to 33* Curves 
Use 10' Chords above 32* Curves 
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Um too' Chords tip to 8* Ctunras Um Chorda up to ja* Curvoa 
Uao 50' Chorda up to z6* Curvat Uaa zo' Chorda abova aa* Curvaa 


*8 ft IT 


3 

** ^33 


3 

40 I ^x 87 

50 ^sas 

51 
5> 


Ext. I Tan. 



Ext. I Taa. j Ext. Tan. 


zsi-O X3al.x 
153.Z I zaspo 
xsa*3 
XSX*S 
xsx*7 
153.0 
IS 3 .X 1 1533.4 
153.5 I X334.5 

Z53-5 




1540-X 
1350.1 

X 3 S 1.0 

157.3 1 1351.8 


Ext. Tan. 


U 

1300.4 •? 

1400.3 a8 
z4oz.a to 
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Um xoo' Chords tip to 8* Curves Use as' Chords up to 3a* Curves 
Uss 50' Chords up to 16* Curves Use 10' Chords above 33* Curves 
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Use *00' Chords up to 8* Curves Use 25* Chords up to 3a* Curves 
Use so' Chords up to 16* Curves Use 10' Chords above 3a* Curves 
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Vm xoo' Chords tip to S* Curves Use as' Chords up to 32* Curves 

Use 50' Chords up to x 6 * Curyes Use zo' Chords aix>ve 3a* Curves 
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Vm to^Chca^ up to $• Curves Uee »$' Chords up to 3** Corvee 
Uee so' Chords up to i6* Curves Use xo' Chords aDove 3 a* Curves 












































































































FUNCTIONS I DEGKEE CURVE 


V 9 k Chords up to 6 * Curvos 
Uso 50' Choirds up to x 6 * Curves 


Use 2$' Chords up to 39* Curves 
Use zo' Chords above 3a* Curves 
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Um ioo' Chorda up to 8* Curvea TJaa as' Chorda up to 3a* Curvao 
Uao 50' Chorda up to 16* Curvea Use xo' Chorda above 3a* Curvea 
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Vw 100' Chords up to V Curves Use as' Chords up to as* Curves 
Use so' Cho^ up to id* Curves Use xo' Chords shove 3a* Curves 
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Vm too' Chords up to Curves Uss as' Chords up to 3a* Curves 
Use 50' Chcnds up to z6* Curves Use 10' Chords above 3a* Curves 
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Um ioo' Chorda «(> to I* Curvat Uaa as' Chords up to 3a* Curvas 
Uaa a</ Chor^ up to 16* Cuxvaa Use 10' Chorda aoova 3a* Ctinraa 
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Use xoo' Chords up to 8* Curves Use as' Chords up to 3a* Curves 
Use so' Chords up to x 6 * Curves Use xo' Chords above 38* Curves 
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Um too' Chorda up to 8* Curves Use ss' Chords up to 32* Curves 
Use $0' Chords up to x6* Curves Use xo' Chords above 33* Curves 
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Um loo'Qkorda «p to 8* Conrtt 
Vm 9^ Chordi op to i6* Qwn/m 


Um zo' 


to 39* Conrw 
— 89* Cttfvoe 
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Um ioo' Chords «p to 8 * Curvst Use 35' Chords op to 33* Corves 
Use 30^ Chords up to x 6 * Curves Use zo' Chords eoove 33* Curves 
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Um xoo' Chords up to 8* Curves 
Use 50' Chords up to x6* Curves 


Use as* Chords up to 3e* Curves 
Use xo' Chords above 3a* Curves 
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L - xoo X 


Central angle 


•X 100. 


‘ D Degree of curvature ‘ 

For the convenience of the field engineer column Table X39« 
gives the central an^le A in degrees and minutes (as read by Uie 
transit); column a gives the same angle expressed in degrees and 
decimals for figuring curve lengths. ] 

Tangent Length and Ericmfllx.—Figure 278 shows a general 
curve problem. The deflection angle between the tangents at 
the point of intersection (P. I.) « the central angle of the curve that 
will fit these tanrcnts; it is referred to as A. 

The tangent distances equal the distance from the P. C. (begin¬ 
ning of curve) to the P. I. or P. L to P. T. (end of curve) and are 
expressed by the formula 

T - Radius X tangent of (4) 



Therefore, for a given central ande A, the tangent length is 
directly proportional to the radius, u the tangent lengths of a x^ 
curve for different A’s are tabulated, the tan^t len^ for any 
desired degr^ of curve equals tangent lengUi for curve for ^e 
specified A divided by the degree of the desired curve expressed in 
oemrees and decimals of a decree. 

Expressed as a formula this reads: 

^ / j . i Tangent x® curve for specified A , v 

Tangent for desired curve — --2- ^ -, (3) 


and reversing the formula the desired degree of curve for a specified 
tangent length can be determined by the formula 
« Tangent x® curve for specified A 
" Specifieci timgent length desired ^ ' 

The external is the distance from the P. I. to the curve arc on 
the line between the P. L and the center of the curve. It is deter¬ 
mined by the formula: 


External 


0.4 ^ 0.4 


■) 


(7) 
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and is direcUy pxopordonal to the radius In the same manner as 
the tangent lexi^; therefore, the external of any desired curve 
for a q>edfied A equals the external of a curve for that A divided 
by the degree of curvature. 



Ea^mied as a formula this reads: 

ttuimi tor deHml corre - (gy 
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and reversing, as for tangents, the desired degree of curvature is 
obtained that gives a specified external distance, by the formula, 

^ _ External 1° curve for specified A . . 

Specified external distance desired 


Methods of Running Curves.—Curves are run in the field by 
tangent otTsets, middle ordinates, or deflection angles. Deflec¬ 
tion angles is the simplest method and is almost universally used. 
It is based on the i)rinciple thot the angle S between the tangent 
and arc chord, one end of which is at the point of tangency, is 
equal to one-!ialf tiie central angle subtended by that chord. Sup¬ 
pose the angle A is 4° and the arc length ST = 100'. This curve 
would then be a 4° curve. From the previous definitions locate 
the point T (Fig. 279J by turning the deflection angle 5 = 2° 
from the tangimt and measuring 100' of arc in such a ])osition that 
the end of the arc woidd be on the line of the chord ST. It is 
impossible to measure the arc distance conveniently and for all 
practical purposes a chord length of 100' will answer for a 4° curve 
(sec discussion, p. 855). 

Suppose it is desired to locate the jioints 2, 3, 4, 5, and 6 on the 
4° curve from point i or the P.C. of a curve (Fig. 280). 

Set the transit at the P.C.; if a deflection = 2® from the 

2 

tangent .ry is turned the line of sight will pass through the point 2; 

if ^ = 4® is turned the line of sight will pass through point 3; 6°, 

point 4, etc.; it only remains to measure to these points to locate 
them (lefinitely. 'I'his can be done in two ways, by measuring the 
distances 1--2, 1-3, 1- 4, 1-5, etc., or by measuring 1-2, 2-3, 3-4, 
4-5, etc. 

In the first case the ditTcrcnce between the length of arc and 
the chord length becomes so great tluit, unless a correction is 
made, the points arc not exactly located; that is, the length of 
arc between points i, 2, 3, 4, 5, 6, = 500' while the chord length 
1--6 = 497.5'; also, it takes longer to measure the distances 1-2, 
i~3, I 4, 1-5, 1- 6, etc., than it would 1-2, 2-3, 3-4, 4-5, etc. 

In the second method we can use chords of 100' from 1-2, 2-3, 
etc., with no appreciable error, as the distance measured by chords 
L 2, 3, 4, 5, 6, = 49 Q 04 '. 

Therefore, the method usually adopted is to turn the deflection 
angle and measure the chord 1-2, which locates the point 2; 

then turn the deflection angle and measure the chord distance 


2-3, locating point 3, etc. 

The fact has been mentioned that the use of the chord aistance 
as equal to the arc introduces an error but that this error is of 
no importance for a 4° curve: As the degree of curvature 
increases, the dilTerence between an arc length of 100' and the chord 
length becomes greater, and it is necessary to determine the limit of 
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curvature that will allow the use of loo' chords in locating curve 
points. On page 832 the statement is made that center-line chain¬ 
ing should be correct to within o.i' per 100' of length, which allows 
a difference in arc and chord of o.i. This occurs when the degree 
of curvature reaches 9° per 100'. The difference can then be 
reduced by the simple expedient ofusing 50' chords, which 
reduces the error for this degree of curvature from 0.1 o' per 100' 
of length using 100' chords to 0.02' using 50' chords; 50' chords 
can be used up to 18° curves and beyond that point 25' chords. 

It is better not to use the full limit of allowable error, and a good 
working rule is 100' chords up to 8° curves, 50' chords up to 16° 
curves, 25' chords to 32°, and beyond that 10' chords. 

For any given curv'e the deflection angle and central angle are 
directly proportional to the length of the arc, and if the deflection 
angle for 100' arc of 10® curve equals 5° the deflection angle for i foot 

of arc of 10® curve equals = 3'. 

100 100 

An example of a t>T)ical simple curve problem can now be given: 



To Determine the Degree of Curvature Desired from a Fixed External 
Distance. —At Sta. 23 -f 42.6 there is a deflection angle of 25° 10' 
between tangents AB and J 3 'C; suppose upon examining the ground 
it is decided that to fit the old roadbed and give good alignment 
the curve should be located somewhere between 13.5 and 14.5' 
to the right of the transit point at Sta. 23 -h 42.6. Proceed as 
follows: From table 139 pick out the external for a 1° curve for 
A = 25® 10'; this equals 141.0'. 

The problem is to determine the degree of curvature that will 
give an external of between 13.5 and 14.5'. Use formula (9). 

_ External i® curve for 25® 10' 141.0' « 

D «--^-= =» 10.44® curve. 

13 s 13 s 

_ External I® curve for 25° lo' 141.0' . 

D - - - = -= 0.72 curve. 

14 s M-S 

To fit the conditions some curve must be selected between a 
10.44 a-nd a 9.72®. A 10® curve would be naturally selected as 
being the simplest to figure. 
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To Determine the Required Degree of Curvature Jor a Fixed Tangent 
Length .—Take the same problem as above except there must be a 
tangent length of between 127 and 129'. Use formula (6). 

^ Tangent i° curve for 25° 10' 12 79.1' o 

D =- - -^-= = 10.07 curve. 

127 127 

^ Tangent curve for 25® 10' 1279.1' o 

D = - - -;-^-= — , = 9.91° cuive. 

129 129 

Table 139 gives tangent for 25° 10' =1279.1'. 

These limiting values would result in the selection of a 10® 
curve. The degree of the desired curve is usually selected in one 
of these two ways; ordinarily it is determined by the external 
distance. 



Simple Curve Problem. Case i. —To compute the notes for a 
10® curve for a deflection angle of 25® 10' between tangents at 
Sta. 23 4- 42.6. 

Central angle = 25® 10'. 

Table 139 gives the tangent 1° curve for 25® 10' = 1279.1. 

rr *0 1279.1 

Tangent 10 curve = —= 127.91. 

The station of the P.C. then equals Sta. 23 42.6 P.I. minus 

127.9' — Sta. 22 4- 14.7. 

The length of curve = ^ ~ ' — X 100' = 251.7'. 

U 10 

The station of the P.T. (tangent point, or end of the curve) 
as measured around the arc is then Sta. (22 4 - i4-7 P.C.) 4 - 251.7' 
= Sta. 24 4- 66.4. 

The rule for running curves requires the use of 50' chords for 
a lo® curve. The deflections for the even stations and the 50' 
stations must, therefore, be figured as follows: 

Stations 22 4 - So, 23 4* 00, 23 4- 50, 24 + 00, 24 4- 50, and to 
check the curve Sta. 24 4 - 66.4. 

For a 10® curve. Table 138: 

The deflection for 100' of arc = 5® 

The deflection for 50' of arc = 2® 30' 

The deflection for i' of arc = o® 03' 
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The distance from the P.C., Stas. 22 -f 14.7 to 22 -|- 50, is 35.3'; 
the deflection per foot = 0° 03', for 35.3' = 35.3 X 0° 03' = 105.9' 
= 1° 46'. 

The distance P.C. to Sta. 23 + 00 equals 85.3', or 50' farther 
than for Sta. 22 + 50; the deflection per 50' of arc equals 2° 30'; 
therefore, the deflection for Sta. 23 + 00 equals the deflections for 
Sta. 22 + 50 (1° 46') plus 2° 30', the deflection for 50' of arc or 4° 
16'; in a like manner the deflection for Sta. 23 + 50 is 6° 46'; for 
24 + 00, Q° I o'; for 24 + 50, 11° 4O'; the distance from Sta. 24 
+ 50 to the P.T., Sta. 24 + 66.4, is 16.4; the deflection for 16 4' 
equals 16.4 X 0° 03' = 49.2'; the deflection for Sta. 24 + 00.4 is, 
therefore, (11° 46' + 49') = 12° 35'; if the deflection notes have 
been properly figured this last deflection to the P.T. should always 
be one-half the central angle of the curve; in this case one-half of 
25® 10', which equals 12° 35', checking the notes. 

To Run the Curve .—Set up the transit at the P.I.; sight along 
the tangent (/i.-l), measure oil the distance 127.9 (tangc'nt length) 
along this line and set the P.C. exactly on the line. In a like man¬ 
ner set the P.T. on the forward tangent {B’C) 127.9' from the P.I. 
Then set up the transit on the P.C. and with the vernier at 0° 00' 
sight on the P.I., using the lower plate motion. Loosen the upper 
motion and deflect r 46'; measure along this line 35.3', which 
locates Sta. 22 + soon the curve arc; then loosen the upper motion 
and set the vernier to read 4® 16'; measure 50' from the just located 
Sta. 22 + 50, so that the forward end of the tape is in line with the 
transit deflection of 4® lO' ; this locates Sta. 23 + 00 on the 
curve arc. In a like manner deflect 6® 4()' and nKasure forward 
50' from Stas. 23 + 00 to 23 + 50, etc., until the P.'l'. is rcacherl. 
If the curve has been correctly run the last deflection of 12® 35' will 
strike the previously located P.T. and the distance from Sta. 24 
+ 50 to this P.T. will be 16.4'; if the distance checks within 0.2' it 
is suflSciently close. 

The above problem and method of laying out a curve are the 
simplest form encountered; it is assumed that the P.I., P.T. and 
all intermediate points on the curve are visible from the P.C^ and 
that the P.I. is accessible. 

In nine cases out of ten this method is apjAii able to road curves, 
but where the P.I. occurs outside of the road fenci s it sometimes 
is located in a stream, pond, building, etc., and cannot be 
occupied. This is known as the problem of the inaccessible P.I. 
More often it is impossible to see the P.T., or some intermediate 
point on the curve from the P.C., which necessitates intermediate 
transit points on the curve. The problem of inaccessible P.C.’s or 
P.T.’s IS so rare it will not be illustrated. 

Problem of the Inaccessible P.I. Case 2. —The point II (P.I.) 
cannot be occuj)ied. Locate any two convenient points s and t 
on the tangents AB and B'C and measure the distance st equals, 
say, 110.5'. 

Set the transit at s and measure the angle between the line As 
produced and 5/, say, 5° lo'; in a similar manner measure the angle 
at / between si produced and the forward tangent /C, say, 20® 00'. 
The total deflection then between the tangent AsB and B'tC or the 
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central angle of the curve to be run is the sum of the^ two deflec¬ 
tions, angles 5° 10' -f 20° 00' = 25® 10'. 

Assuming a 10® curve is desired we must locate the P.C. from 
the point s and the P.T. from the point t. 

In the preceding simple curve problem the tangent length of a 
10® curve with a central angle of 25® 10' was figured to be 127.9'; 
it, therefore, remains to compute the distance 5//, which subtracted 
from 127.9' will give the distance from s along the tangent s/i to 
the P.C. of the curve. In a similar manner compute ///, which 
subtracted from 127.9' gives the distance along the forward tangent 
tC to the P.T. of the curve. 


k . 127 . 9 --. -W 



Knowing the station of the point s as measured along tiie tangent 
AB the station of the P.C. is determined; then figure the deflec- 
li(ms in the usual manner and run the curve. 

I'or the values givei. the computations are as follows: 

'fo determine sll and lit. Use the law of sines (see Trigono- 


metric formulas, p. 1578 

). 



.s7/: .V/:: sin 20® 

00 :: sin 2 

5 ° 10' 



sll = 

.v/ sin 20® 

00' 

110.5 

X 0 34202 


sin 25° ] 

[o' 

0 


III - 

.st sin 5® 

10' 

110. 5 

X 0.09005 _ 


sin 25® 

10' 

0 

•425^5 


Thcrefore, the distance from s to the P.C. is 127.9' — 88.9' = 
,59.0'. 

The distance from t to the P.T. is 127.9 — 23.4 = 104.5. 

Having these distances, the P.C. and P.T. are located. Assume 
that station of s was measured along the tangent AB and found to 
be Sta. 22 -f 53.7. 

The station of the P.C. then equals 22 + 14.7 

The station of the P.I. then equals 23 -T 42.6 

The station of the P.T. then equals 24 Ar 66-4) using the length of 

curve figured in Case i. 

The deflections are figured and the curve run as in Case i, assum¬ 
ing that all the curve points arc visible from the P.C. 

Case 3. Where the P.T. or Intermediate Points on the Curve 
Are Not Visible from the P.C. a. Where an Intermediate Set-up h 
Required .—Use the same curve as in Case i. 
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The deflections for the different curve points were figured as 
follows: 

Dedections.—Instrument at P.C., foresight on P.I. 


P.C. Sta. 

Deflection 

22 + 14.7 

0° 00' 

22 4- 50 

I® 46' 

23 -f 00 

4® 16' 

23 + 50 

6® 46' 

24 4- 00 

9® 16' 

24 4 - 50 

II® 46' 

24-1-66.4 

12® 3 S' 



Fig. 284. 


Set up the instrument at the P.C. and locate tlie points 22-4- 50, 
23 -f- 00, and 23 -f- 50; suppose 24 -f 00 is not visible, set up at Sta. 
23 4 - 50, set the vernier at 0° 00', and back sight on the P.C.; transit 
the telescope and finish the curve, using the same deflections as 
figured for the instrument set up at the P.C.; that is, turn the deflec¬ 
tion of 9® 16' for Sta. 24 4- 00, 11° 46' for 24 -f- 50, and 12® 35' for 
the P.T. In general, it can be said that whenever the P.C. is used 
as a backsight from the intermediate set-uo, set the vernier at 0° 00' 
when sighting on the P.C.; transit the telescope and use original 
notes for the balance of the curve. 

b. Where Two or Afore Inicrmedialc Set-ups Are Required .—For 
the first set-up, say, at 23 -p So, proceed as above and set Sta. 24 
00; suppose 24 4- 50 is not visible from Sta. 23 4 * 50; set up at 
Sta. 24 -f 00 and with the vernier reading 6° 46', back sight on 
Sta. 23 4- 50; transit the telescope, set the vernier to read 11° 46' 
for Sta. 24 4 - 50, and proceed, using the same deflections as orig¬ 
inally fimired. In general, where the P.C, is not visible from the 
intermediate set-up, set the vernier to read the deflection figured 
for the point used as a backsight; transit the telescope and proceed 
with the curve, using the notes originally figured; that is, if the 
instrument is set up at Sta. 24 4 " 00 and 22 4 ” 50 used as a back¬ 
sight, the vernier is set at 46', and using the lower motion the wire 
is set on Sta. 22 4 - 50; then transiting the telescope the curve is 
run by setting the vernier at 146' for Sta. 24 -f 50, etc. 

If Sta. 23 4- 00 is used as a backsight, set the vernier at 4® 16' 
when sighting the machine; then transit and proceed as above. 
These three cases cover any ordinary road curve problems. 

NEW LOCATION SURVEYS 

General. —The details of survey work depend entirely on the 
character of the improvement and range from simple alignment 
determination on mesa wagon trails to the complete surveys 
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required for difficult mountain locations which are to be constructed 
by contract on unit price bids. The following data are for complete 
first-class surveys. The same methods are used for more incom¬ 
plete surveys, but parts of the procedure can often be omitted if the 
work is to be done by force account or convict labor. 

Organization and Equipment. —Eight- to ten-men parties are a 
convenient and efficient force: 


Locating engineer 

Transitman 

Levelman 

3 Chainmen, rodmen, etc. 
I to 3 Axmen. 

Cook 


If drafting is to be done in the field, add a draftsman and 
computer to the party, but this is not advised, as field drafting is 
rarely satisfactory. 

Organization—first stage of work: 


Locating engineer 

Transitman 
2 Chainmen 
Necessary axmen 
I Stakeman 

Levelman 

Rodman 


r Picking out line and general 
\ supervision. 


Running base line. 


Running bench levels and check 
profile levels keeping all this 
work close up to base-line party. 


Organization—second stage of work: 


Locating engineer 

1 Assistant 
Transitman 

2 Assistants 
Levelman 

2 Assistants 


Drainage areas, classification of 
materials and topography. 

Cross-sections. 

Cross-sections. 


Extra men moving camp, odd jobs, etc. 

The first stage of the work varies in speed from H 3 ndles per 
day, depending on the character of the county. Three-fourths 
mile per day is a fair average for ordinary mountain work. 

The second stage should make a speed of from i to 2 miles per 
day. A fair average is about iK niilcs per day. 

Allowing for unavoidable loss of time, moving camp, etc., 10 miles 
a month for an eight-man party is a fair average when they are 
doing first-class work. 

Cost of Survey. —The cost of first-class complete mountain road 
location surveys runs from $75 to $150 per mile exclusive of rail¬ 
road transportation to the job, allowing $150 per month for the 
locating engineer, $i 20 per-month for transitman, $100 per month 
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for leveler, and $70 to $90 for laborers, etc. Meals arc furnished 
free to the men at an average cost of 75 cts. per man per day exclu¬ 
sive of labor, or about $i to $i .30 per day including cooks salary.^ 
The average speed for a party of eight men is approximately 10 
miles per month of completed survey, at an average cost of $100 to 
$120 per mile exclusive of railroad transportation. In easy flat 
country this speed can be easily doubled and the cost halved. 


Depreciation on Engineering Equipment per Mile of Survey 

(Assumed 50 miles of survey per season) 


Quan¬ 

tity 

Item 

Val 

uc 

Approx. 

, Life. 
Years 

.Annual 

De[)recia- 

tion 

and 

Repairs 

Rental 
Charge 
per Mile 
Survey 

I 

Transit (mountain) tripod 

$300 

00 

10 

$40 00 


I 

Level (dumpy or Y). 

150 

00 

10 

2S 00 


I 

Locke level. 

7 

00 

3 

1 2 50 


2 

Abney levels (cu $16.50. 

33 

00 

5 

6 00 


3 

100' chains (a» $12.00 

36 

00 

> 

iS 00 


4 

Range poles (8' wooden) 







$ 2.25 . 

6 

(><) 


5 00 


2 

Level rods, Philadelphia 




1 



ij' extension. 

30 

00 

) I 

1 JO 00 


2 

Chain repair kits. 

20 

00 

5 

' 4 00 


3 

Metallic tape boxes, $2.45 
Metallic fillers. 

7 

00 

' I 

7 00 


6 

t 

6 

00 

I 

6 00 ! 


Set sounding bars (i)-4"-i“ 
and ^4“ tool steel) . . . 


10 

00 

10 

I 00 ' 


4 

Plumb bobs. 

4 

00 

2 

2 00 1 


2 

Pocket compasses. ... 

4 

00 

3 

1 ' i 


I ' 

Kodak 3-A. 

24 

00 

4 

1 I 

1 6 00 


I 

Engineer’s trunk. 


00 

i 10 00 I 



Totals. 

1 

$050 

00 


$164 00 ' 

$3 30 

(Say $3.00) 


♦ Marking crayon. 

♦ Use a crayon having a large amount of oil, as it will last longer. “Stay- 
On-All” is a good brand. 


» These costs arc for 1914 cost conditions. In 1926 costs are approximately 
double for salaries and suVjsistence. 
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Fig. 285.—Layout diagram. 
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End Vj«w. Detail Ho.3. 

Fig. 288 .—Folding kitchen camp table. 
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Camp Equipment—The authors would not have the temerity to 
recommend camp equipment any more than to dare advise a 
woman on cooking utensils. It is a delicate subject on which most 
campers have their own pet notions. The following lists are more 
in the nature of reminders than anything else and are based on 
outfits in ordinary use on mountain road surveys in the West where 
equipment can be moved by wagon. 


Table 141.—Outfit for an Eight- or Ten-Man Party on 
Location Surveys Table Ware 


White enamelwaro dishes unless otherwise noted. 

Item Approx. Value 

12 Cups. diameter. $2.00 

12 Saucers, 6" “ . 1.80 

3 Salt shakers Oarse) aluminum. 0.60 

1 ** shaker (small) “ . o.io 

12 Table forks (retinned). .... 1.50 

24 Tea spoons “ . .... 0.60 

2 Meat platters, 16"'. . x .oo 

3 Pepper shakers (small) aluminum. 0,60 

X “ shaker (large) “ 0.60 

12 Plates. 9'^. 2.50 

12 Table knives (retinned). 1.80 

12 ** spoons “ . . 0.50 

2 Water pitchers. 1.50 

2 Syrup “ 1.50 

12 Soup bowls, s" . 2.50 

12 Sauce dishes, s" . i .So 

2 Stigar bowls, 6". 1.50 


Total value tableware.I22.40 

Say. . . . I25.00 

1916 Scale of Costs. 

1926 would be approx, twice as much. 


Cooking Utensils 

Item 

X Butcher knife 10". 

a “ knives 8". 

I ** knife 18" (steel). 

1 Bread board. . 

2 Basting spoons, 14" (retinned). 

2 Berlin kettles, 10 quart (aluminum)- 

3 “ “ 6 “ 

I ** ** S " - 

I ** 4 “ ^ " 

3 Bowls, 10" diameter earthenware. 

4 Buckets. 10 quart galvanized iron 

I Coffee boiler, iH gallon, gray enamel. 

1 " “3 quart (aluminum). 

2 Carving forks, wire (3 prong). 

I Cake turner (retinned, perforated). 

3 Can openers.. 

I Collander, 9" (aluminum). 

I Dishpan, 17 quart (retinned). 

I “ , 14 '* ** . 

3 Dippers, i pint ** . 

I Dnppan, 9"Xix" ** . 

I *• “ XO"XX 2 " •• . 

X ** *• xx"Xx6 " •* . 

12 Dish towels. 

X Egg beater (family size). 

a Frying pans, 13" diameter steel. 


Approximate Value 


$1.00 
1.00 
1.00 
0.50 
0.20 
3.00 
4.00 
1.00 
X .00 

1.50 
1.50 
0.70 
10.00 
0.30 
o, 10 
o. so 
1.80 

0.75 

0.60 

0,50 

0.25 

0.25 

0.25 

2.00 


O.XS 

0.65 
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I Prying pan diameter steel. 0.25 

I Flour sieve (tin) 2 quart. o.ao 

3 Funnels (large). 0.40 

a “ (small). o.io 

I Grater. o. 10 

I Jar for bread yeast, 3 gallon. 0.75 

I Iron griddle, 20" X 12'' cast iron. 2 so 

I Meat saw. 1.80 

1 “ chopper. 0.50 

I “ grinder. 1.50 

1 ** cleaver, 8''. 1.50 

I Milk pan, 6 quart (rctinned). 0.50 

3 Paring knives. 0.40 

12 Pie tins. 2.25 

I Quart cup (retinned). 0.30 

1 Rolling pm, X . 0.15 

I Stove pot. . 2 10 

1 Skimmer (aluminum). 0.25 

2 Soup ladles, y* diameter. ... . 0.40 

3 Serving pans, 12'' diameter white enamel 1-75 

4 ^ “ 7" “ “ •*.... 1.75 

X Tea pot, t gallon white enamel. 0.60 

1 Cook stove, 6 hole range, 18" X 18" X 12" oven, 

top 26" X 3x" (30" high), weight approx. 250 lb. 25.00 

Total cooking utensils. . $77.75 

Say. 58 o . 00 

X016 Scale of Costs. 

1926 would be approx, twice as much. 


Hardware 

Item Approx. 

Value 

4 Axes, 3H lb. $6 00 

4 “ IH lb. with sheath (hand). .... 5 00 

o Axe handles. 2.00 

2 Brush hooks or machetes. 3.00 

x Cold chisel, small. 6" . o.io 

I Carborundum stone . 1.20 

1 Claw hammer, standard, 16 oz. o 80 

4 Camp beaters with 5 joints nestiblc pipe (Sibley) 16.00 

2 Files, mill bastard, 8". 0.50 

1 Hasp . 0-50 

5 Oil lanterns “wick Stalit”. 5 00 

3 Gasoline lanterns, “Ouicklitc*’. 17.00 

2 Picks, railroad. 2.50 

2 Pick handles. 1.60 

I Pliers, 7“ lineman's. 1 .10 

5 Piece nestible stove pipe for cooking stove. 1.05 

1 Screw driver, 18". 0.40 

3 Sheath blocks C. I., or ^4" rope. 3-00 

2 Shovels, sharp pointed, long handles. 2.50 

1 Saw, 4', one man in case. 3-20 

2 Sledges, 8 lb. 2.50 

6 ** handle.s. 2.40 

I Saw, 26", 7 point, Ko. 7 Diston. 1.80 

4 Stove pipe protectors, asbestos. 9.00 

I Tool grinder. No. 6 American. ——. 

6 Boxes tacks, carpet, 8 oz. 0.50 

Nails, 8d and 2od. i .00 

3 Balls twine.. 0.50 

a Tubs, 24" diameter galvanized iron. 2.50 

I Whetstone. o.io 

X Washboard brass, xoH" X nJi"'. 0.60 

4 Washbasins, enameled ware. i .00 

100' Wire balinjg. 0.25 

I Wedge, splitting. No. 5 Truckee. i . 10 

I Wrench, monkey, 8". i .00 

S06.70 

Say.$100.00 


X9 x6 Scale of Costs. 

t9a6 would ba approx, twice aa much. 
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Tents, Tables, and Miscellaneous 

Item Approx. 

Value 


2 Tents, 14' X 16'. I180 00 

3 “ 10' X 12'. no 00 

I Tent. 7' X 9' . 20 00 

I Kitchen table (see Fi^jure 87, page 442). IS 00 

I Canvas mess table (sec Figure 88, page 443). . . . 25 00 

3 Equipment chests (sec Figure 80 , page 440). 40.00 

I Mess box with padlock. 5 00 

1 Lantern box (see page 440). 5.00 

2 Lunch baskets. 3 80 

6 Canvas chairs. 6.00 

4 “ saddle bags. 16 00 

4 ** note book shoulder bags. 6 00 

2 “ water bags. 2^2 . 2.50 

3 Canteens, 2 qt. w’ith webbing aiul strap. . S 00 

roo' rope. . i.oo 

48 Clothes pins. ... o 20 

1 Alarm clock. 2.50 

2 Scrub brushes, X 4''. o 25 

125' rope. . . 4 00 

5 Yards oil cloth, white. 1.40 

2 Brooms. 1.60 

1 Spring balance, so lb. ... o 40 

I Sailmaker's palm with needles, twine and wax ... I oS 

I Shoemaker’s outfit containing serni-steel, stand, 

2 lasts and pegging awl .... 2 00 

12 Hand towels. 2.50 

i Medicine chest with remedies. 30 00 

$486 80 

Say. I500 00 


1916 Scale of Costs, 

1926 would be approx, twice as much. 


Depreciation on Camp Equipment 


Table ware. . S 25.00 

Hardware. . 100.00 

Cooking utensils. 80.00 

Tents, etc. 495 00 


Total.$700.00 


1916 Scale of Costs, 

1936 would be approx, twice as much. 


Allowing for ordinary wear, accident, loss etc., this equipment is 
probably good for 3 years. Allowing 50 miles of survey per 
season for each party, which is a fair average, the equipment is 
good for 150 miles of survey, or at the rate of $4.50 per mile, which 
is a reasonably close charge for the use of camp equipment on survey 
work of this character. 
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Table 142.—Survey Party 
Ration—(one man one day) 


Article 

Unit 

Quantity 

Fresh meat. 

pounds 

0. 70 

Cured meat. 

0.30 

Lard. 

a 

0.14 

Flour. 

n 

0.70 

Corn meal. 

n 

0.05 

Baking powder. 


0.02 

Sugar. 


0.35 

CotTee. 


0.05 

Tea. 

<( 

O.OI 

Butter. 

ii 

0.14 

Dried fruit. 


0.10 

Rice, beans or hominy. 

‘‘ 

O.IO I 

Potatoes. 

“ 

1.00 ! 

Salt. 

n 

0.04 1 

! Flav. c.xtracts. 

1 ounces 

i 0.03 : 

1 Spices. 

' “ 

1 0.05 

Milk, condensed. 

cans 

1 0-40 i 

; Canned fruits. 


! 0.18 

Vegetables (fresh or canned)... . 

pounds 

1 050 

i Syrup. 

j 0.06 

Pickles.*. 


0.03 

I‘'gKS . 

nos. 

2H 

Breakfast foods. 

pounds 

0.08 

^Miscellaneous cost. 

2^C. 

. i 


* Miscellaneous includes, crackers, yeast, chile powder, soda, salad, oil, 
catsup, chocolate, lemons, soap, sapolio, candles, matches, oil, and wood. 
An allowance of atj cts. per ration should easily supply these items. 

Note.—F resh milk may be substituted for condensed at a rate of x qt, 
for one can. 


Cost of Ration.—The cost of feeding one man per day, including 
cook’s salary, based on 500x3 man-day rations in 1918 on western 
mountain location surveys averaged $1.30. 


Preliminary Investigation Outfit 
Where one man is traveling alone on foot and will be out of 
touch with habitation for a day or so at a time a simple outfit 
carried in a knapsack or pack basket will serve very satisfactorily. 

I Waterproof canvas sleeping bag.* . . . $15.00 

I Light oelt ax. i.oo 

I Small fry pan. 0.25 

I Cup with long handle for heating water... 0.25 

Knife, fork, and spoon. 0.50 

Matches in bottle or waterproof case. o. 10 

Small emergency food supply. 2.00 

Personal supplies. 

Canteen in arid regions. 
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This whole pack will not weigh over 30 lb. and can be easily 
carried. 

Camp Drafting Equipment (if desired).—Camp equipment is 
listed on page 900. 

Survey Methods. —The chief of party should precede the men to 
the work and go over the entire line as outlined in the preliminary 
investigation report, picking out his camp sites and making all 
necessary arrangements for transportation of camp equipment 
and supplies. He should also mark the base-line location for 2 or 
3 miles so that when the party arrives there will be no delay 
in making camp, and starting the line work. 

First Stage of Survey 

a. Tracing the location. 

b. Running base line. 

c. Running bench levels and base-line profile. 

a. Locating Line.—This work is done by the locating engineer, 
who considers all the principles of grade, alignment, etc., discussed 
in Chapter II. In high altitudes he pays particular attention to 



Fig. 290. 
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avoiding bad snow conditions which, in general, means avoiding 
north exposure as much as possible. Very often he can be helped in 
this part of the problem by making a snow map the spring preceding 
the survey. This is done by sketching in the areas where snow 
lies at different dates, say Apr. i. May i, June i. When furnished 
with a map of this kind he avoids the areas of late snow where 
possible. Lacking a definite investigation for snow conditions the 
test available local data should be obtained from hunters, etc. 

The different trial lines are traced with an Abney level in open 
country and a combination of Abney level and aneroid in timbered 
country. The line that he decides to adopt is marked at sufl&ciently 
close intervals either by blazing trees or tall stakes with flags on 
them, so that the base line party will have no difficulty in following 
the correct location. This work must be kept far enough ahead 
of the base line party so that there is no danger of the work of 
the main party becoming worthless by the line getting into a loca¬ 
tion which has to be abandoned and relocated. 

When working on a ruling grade the line should be traced down 
hill from the highest point on the route. When working on a rul¬ 
ing grade the line in the field should always be traced at a less rate 
of grade than the maximum allowed; that is, if the maximum 
grade is set at 7% the locator should trace his line on a 6 }^ or 6% 
grade in order to give the designer a little leeway for economical 
variations from the field grade and yet keep within the maximum 
rate. When working on portions of the route requiring less than 
the ruling grade it makes no difference in which direction the line is 
traced so long as the base line is run in one direction with con¬ 
tinuous stationing. 

b. Base Line.—The base line follows the marked route of the 
location. It is a chained, transit line marked on the ground by 
stakes at least every 100' well driven and marked with crayon 
(Stay-on-All) with the station or plus of each stake. Stakes are 
placed at each point on the line where a profile shot or cross-section 
will be required and should be well made and well driven so that 
they will remain in place at least 3 years. The transit points 
(angle points) are marked with well-driven hubs with tack center¬ 
ing; every third or fourth transit point should be permanently 
and carefully referenced by both azimuth and distance (see sample 
notes). The angles in the line are determined by transit readings 
and the bearings of the courses are recorded by azimuth, using true 
north as the zero azimuth. The use of true north as the reference 


line in these surveys is desirable on account of permitting a check 
on the accuracy of the transit work at any time, on account of 
retracing a lost line, and on account of right-of-way descriptions 
in localities laid out on the U. S. land system. The methods of 
determining true meridian by Polaris and solar observations are 
explained (pp. 912 to 932). In fairly flat or rolling topography 
the base line should follow the center line of the proposed improve¬ 
ment exactly and all curves at tangent intersections should be run 
in the field. It has been found from experience that for the topo¬ 
graphic conditions mentioned the field men can pick the best 
location in easy country and also that where the center line is artu- 
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ally run and staked that it simplifies the work of cross-sectioning, 
the office design and the staking for construction. 

On side-hill locations, however, or any kind of difficult work 
experience has shown that the field men cannot pick an exact 
center line which will be economical in design and that under these 
conditions it is a waste of time and money to run in curves. Under 
these conditions the base line is run as a series of tangents, keeping 
as close to the probable center line as possible and using short 
tangents in going around any natural features that will require 
a sharp curve in the finished road. Later when the cross-sections 
are taken they must be extended far enough from the line to allow 



the designer to shift the center line from the base line as far as he 
desires as well as varying his vertical grade from the field grade. 
This requires considerable extra work in cross-sectioning, as will 
be taken up later, but is well worth while, as in difficult country a 

f )aper location is always more economical to construct than a field 
ocation. 

Bench Levels. —Ordinary engineers spirit level work, reading 
turning points to nearest o.oi'. Benches are figured to nearest 
o.oi' in elevation (.see sample notes. Fig. 293). 

Permanent benches should be established at least every mile 
and preferably at J^-mile intervals. The datum for the levels 
should be referred to U. S. Geological Survey datum if possible, 
or lacking this reference a datum can be assumed, but in any case 
the method of arriving at the elevation of the initial bench mark 
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t 

a) 

u. 




Distanrc in feet inoasvjrol along the curve from the P.C. orP.T. 


I'he following instructions accomfKiny the chart: 

In measuring up to the P. I., leave tcmix)rary markers at 
enough points so that the line of the tangent can be readily lo- 
I Gated by eye. From the newly located P. I. turn off the desired 
i deflection angle. Determine the degree of curve necessary to 
I fit the conditions from the external and tangent length and lake 
I from table the tangent and length of curve, and record the station ! 
of the P.C. and P.T. ^Make the curve correction for difference in ’ 
length of the sum of the tangents and distance on the curve at | 
the P.I., and start measurements along next tangent, leaving 
temporary markers up to the P.T. of the curve. To lay out 
curve, start at the station or plus station near the P.C. and 
measure along the curve, using standard chord lengths, and 
using the offsets from tangent as read from chart, which increases 
as the distance from the P.C. or P.T. increases. 

To be useful a chart of this kind should be drawn to a larger 
scale Ihan^ we can reproduce in a handbook of this size and this 
has been inserted more to show a convenient method than for 
actual use. In the same manner a chart can be prepared for short 
radii curves from 40' radius to 150' radius that is very useful in 
mountain road location. 


PTft- 202. 
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Fig. 293. 



Pig. 294. 
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should be fully explained in the notes. The computations of level 
notes should oe made in the field and checked each night. 

Profile Levels. —These levels also act as a check on the bench 
levels and therefore require an independent line, preferably run in 
the opposite direction. The turns are read to the nearest 0.01' 
and tne profile ground elevations of the base line to the nearest 
o.i'. In case there is no radical difference in the two lines of 
levels (bench and profile) the profile levels are corrected to agree 
with the bench levels at each bench and carried ahead on the bench 
elevations. This is done so that there will be no cumulative differ¬ 
ence in the levels. An error of o.i' in running between benches 
is allowable (see Fig. 294 for sample profile level notes). Level 
computations should be figured and checked each night and a pencil 
profile plotted for the convenience of the locator. 

Second Stage of Work 

а. Cross-sections. 

б. Topography. 

c. Drainage. 

d. Classification of materials. 

e. Field drafting. 

a. Cross-sections.—Cross-sections are the most important 
part of the detail work on survey. The tendency is to slight this 
part of the work, as it is tedious and uninteresting. The author 
lias seen so much trouble experienced in the office design due to 
inadequate cross-section field work that he wishes to emphasize the 
importance of taking wide enough sections, particularly where a 
paper location is contemplated. 

In level country where center line is exactly run, 30' each side 
of the center line is enough. 

In hilly country on side slopes averaging 25® where the center line 
is exactly located, 60' each side of the line is enough. 

Where the center line is not exactly located the engineer must 
use his judgment but, as a rule, it is not safe to use less than 100' 
each side of the line and care must be taken that they are taken 
exactly at right angles to the line. 

For switchback turns or where a large variation from the survey 
base line is probable, a careful stadia survey is desirable. 

In flat country, cross-sections arc taken with the engineer’s level, 
rod, and metallic tape in a similar way to the methods described 
in the first of this chapter for high-class improvements. 

In rough country they are generally taken with a hand level, 
rod, and tape and each section is referred to the profile ground 
elevation of the base line (see sample notes. Fig. 295). The abso¬ 
lute elevation of each point is figured from the base-line ground 
elevation. This is important, as, while it entails more field com¬ 
putation, they can be aone at night, and by the use of the absolute 
elevations the office and design work is made simpler, cheaper, 
and more accurate. Experience has demonstrated that the 
method of absolute elevations for cross-sections is much superior 
and cheaper in the end than relative elevations. In very rough 
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country transit stadia cross sections are the cheapest and most 
reliable preliminary survey method. 

Cross-sections are taken at all breaks in the profile and in uniform 
topography at least every loo' and preferably at shorter intervals. 



Fig. 295 a . 


Special cross-sections are taken for all drainage crossings and 
show the skew angle of the proposed structure (see Fig. 295^). 
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Cross-section notes should be computed and checked each night. 

b. TopoCTaphy.—Taken in the same manner as previously 
described (see sample notes, Fig. 296). 

c. Drainage.—Field drainage notes on new locations must be 
detailed and specific, as the recommendations determine the ofi&ce 
design absolutely; there is no possibility of the designer checking 
the conclusions. 

Such notes should be made personally by the chief of party and 
should indicate exactly where he wants the culverts or bridges 



placed and the size of opening of the structure. He uses the 
principles discussed in the chapter on Drainage, and determines 
the size of waterway either from the physical evidence of high water 
or from the area of the drainage basin. Areas can be run out by 
f>aced, hand compass traverses, determining the divide lines with 
a hand level, or can be plotted directly in the field on a small 9 
or 15" plane table. 

The type of structure, as log, corrugated pipe, concrete box, etc., 
should be stipulated for each structure, as tne field man is the only 
one who can decide on the best type, considering the local materials 
that are available. 

d. Classification of Material.—The classification of material 
has a marked effect on oflSce design and should be handled by the 
chief. The expenditure of considerable time and money is justified 
in determining the subsurface conditions within the probable 
limits of proposed excavation where there is reason to believe that 
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solid rock will be encountered. This is done by bar soundings and 
test pits. Where the soil contains a large percentage of boulders, 
bar soundings are of little value. As a rule, it is impracticable to 
determine more than a general classitication for the largest part of 
the distance unless rock outcrops show on the surface. 

e. Field Drafting.—The field drafting should be confined to 
special problems desired by the chief and should only be done 
where there is doubt as to whether sufficient field data have been 
obtained for the office design. 

Complete design in the field is costly and is rarely as satisfactory 
as office design. Camp is no place for careful design. 

Location Survey Reports.—A report should be worked up as the 
survey progresses. The object of this part of the record is to make 
it possible for a man not personally familiar with the ground to 
make a reasonable design. It should include all information of a 
general or special nature not shown in the survey notes such as: 

1. A description of the general topography. 

2. A description of alternate locations and the reasons in detail 
for the selection of the route surveyed. 

3. A statement of the portions of the line where the survey 
augment should be rigidly adhered to and an undulating grade used. 

4. A statement of the portions of the line where the alignment 
can be shifted to fit a grade contour and a ruling grade adhered to. 

5. The portions of the line where both line and grade can be 
varied in tne final design. 

6. Snow conditions and how bad exposure is avoided or why it 
cannot be avoided. 

7. Special designs to fit unusual conditions. 

8. Special designs utilizing supplies of nearby local materials. 

9. Photomphs to illustrate special features or to give a general 
idea of conditions. 

Determination of True North.—The simplest method of deter¬ 
mining the true meridian is by observation on Polaris at elongation. 
For all practical purposes fairly close results can be obtained b\' 
observation on Polaris or the sun at any time. The following 
tables and explanation of simple methods arc quoted or briefed 
from the Manual of the U. S. Geodetic Survey on Magnetism and 
the determination of the true meridian, and the Metro Manual 
of the Bausch & Lomb Optical Co. 

Meridian by Polaris at Elongation.—For all practical road 
survey purpKjses a determination of the meridian to the nearest 
minute of angle is sufficiently close. For hr. before elongation 
to a half hour after elongation the azimuth of Polaris does not vary 
over 30 sec. of angle, which gives plenty of time for check determina¬ 
tions, and the element of exact standard time is of little importance. 

DETERMINATION OF THE TRUE MERIDIAN 

Because of the irregular distribution of the earth’s magnetism, 
only an approximate value of the magnetic declination can be given 
for a place at which it has noc been determined by observation. 
When a more accurate value is needed the true meridian must be 
determined, as the declination is the angle between the true meridian 
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and the magnetic meridian. This may be done by observations of 
the sun or Polaris. Five methods will be explained, three involving 
the use of a surveyor’s transit and two requiring no instrumental 
equipment. 

With care the methods involving the use of surveyor’s transit 
should give the true meridian within i min. of arc, the other 
methods within 2 or 3 min., an accuracy ample for ordinary compass 
surveys. 

a. With a Plumb Line and Peep Sight. —(i) By observations of 
Polaris at elongation; (2) by noting when Polaris and another star 
are in the same vertical plane. 

b. With a Surveyor's Transit. —(3) By observations of Polaris 
at elongation; (4) by observations of Polaris at any hour; (5) by 
observations of the sun. 

As a result of the rotation of the earth about its axis, Polaris, like 
other stars, appears to move in a circle about the pole of the 
heavens. It is said to be at culmination when it is in the vertical 
plane defined by the observer and the pole (upper culmination when 
It is above the pole) and at elongation when it reaches its extreme 
easterly and westerly positions with respect to the pole. At cul¬ 
mination its apparent motion is nearly horizontal, from east to west 
at upper culmination and from west to east at lower culmination. 
At elongation its apparent motion is nearly vertical, upward at 
eastern elongation and downward at western elongation. 

The azimuth of Polaris is the angle at the observing station 
between the vertical plane through the pole and the one through the 
star. For a short time before and after elongation there is prac¬ 
tically no change in the azimuth of Polaris and that time is usually 
selected for obsers^ng it for the purpose of determining the true 
meridian. 

Approximate Method No I 

Observations of Polaris at Elongation.—Attach the plumb line 
to a support situated as far above the ground as practicable, such 
as the limb of a tree or a piece of board fastened to a telegraph pole 
or a building, affording a clear view in a north and south direction. 

The plumb bob may consist of any heavy material, a brick or a 

f )iccc ot iron or stone weighing 4 or 5 lb. serving to keep the plumb 
ine straight and vertical as well as one of turned and finished metal. 

Strongly illuminate the plumb line just below its support by a flash 
light or lantern, care being taken to obscure the source of light from 
the view of the observer. 

For a peep sight nail two strips of tin or thin board with straight 
edges to a squared block of wood so that they will stand vertical 
about apart when the block rests on a horizontal surface. 

Provide a rest for the peep sight at a convenient height above the 
ground, at such a distance south of the plumb line that when viewed 
through the peep sight Polaris will appear about a foot below the 
support of the piumb line. The top of this rest must be level and 
large enough to allow for sliding the peep sight east or west. The 
position of the rest should be fixed by trial the night preceding that 
set for observations, and it should be firmly secured in the proper 
position. 
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About 30 min. before the time of elongation, as given in Table 
143, bring the peep sight into the same line of sight with the plumb 
line and Polaris. 

The star will move off the plumb line to the east as it approaches 
eastern elongation; to the west for western elongation. Alove the 
peep sight to the west or east, as the case may be, keeping it in line 
with the star and the plumb line, until the star appears stationary, 
thus indicating that it has reached elongation. Tne peep sight will 
then be secured in place by a clamp or weight and further operations 
will be deferred until daylight. 

By daylight place a slender rod at a distance of 200 or 300' from 
the peep sight and exactly in range with it and the plumb line; care¬ 
fully measure this distance. (Text continued on Page 918.) 


Table 143. —Local Civil Time of Upper Culmination of 
Polaris in the Year 1931 
Computed for 90“, or 6 hours west of Greenwich 


Date 

Ci\nl time 
of upper 
culmina¬ 
tion 

V • 1 

yana- 

tion per 
day 

Date 

Civil time 
of upper 
culmina¬ 
tion 

Varia¬ 
tion per 
day 

Jan. I . 

h. 

18 

m. 

54 

s. 

26 

m. 

-3 

s. 

57 

ir , 

I July ■». 

h. 

6 

m. 

27 

s. 

12 

m. s. 
-3 55 

Jan. II . 

18 

14 

56 

-3 

57 

' July 20. 

5 

48 

05 

-3 55 

Jan. 21 .... 

17 

35 

25 

-3 

57 

: July 30. 

5 

08 

57 

~3 55 

Jan. 31 

16 

55 

54 

-3 

57 

; Aug. 0 . 

4 

29 

50 

-3 55 

reb. 10. 

16 

It) 

24 

-3 

57 

, Aug. 19. 

3 

50 

41 

-3 55 

Feb. 20 . . 

IS 

36 

55 

-3 

57 

Aug. 29 .... 

3 

11 

31 

-3 55 

Mar. 2. 

14 

57 

27 

-3 

57 

1 Sept. 8 

2 

32 

2 I 

-3 55 

Mar. 12 . . . ] 

14 

18 

00 

-3 

57 

j Sept. 18 

Sept. 28 

I 

53 

10 

“3 55 

Mar. 22 ■ 1 

13 

38 

36 

-3 

56 

I 

13 

57 

-3 55 

Apr. I . . 

I 2 

59 

14 

-3 

59 

1 Oct. 8 ... 

0 

34 

42 

-3 56 

Apr. II.I 

I 2 

19 

54 

-3 

59 

i Oct. 17 

23 

55 

25 

-3 56 

Apr. 2 ‘. 

11 

40 

39 

-3 

59 

Oct. 27 

23 

19 

07 

“3 56 

May I . . .! 

11 

01 

21 

;-3 

56 ! 

Nov. 9 

22 

39 

47 

-3 59 

May II. 

10 

22 

06 

-3 

55 ! 

Nov. 1 9 . . . 1 

2 I 

57 

25 

-3 59 

M ay 2 1 . 

9 

42 

54 

'-3 

55 , 

Nov. 29 . 

2 I 

18 

01 

-3 56 

May 3« . 

9 

03 

44 

i~'* 

55 ■ 

Dec. 9 . 

20 

38 

35 

“3 57 

June 10 . 

8 

24 

34 

-3 

55 1 

Dec. 16 . 

19 

59 

08 

-3 57 

June 20. 

7 

45 

271 

-3 

55 

Dec. 26 . 

19 

19 

40 

j “3 57 

June 30. 

! 7 

1 

06 

..j 

1 ^ 

55 i 

j Jan. 5, 1932. . . 

18 

40 

10 

-3 57 


Table 143A. —Mean Time Interval between Upper 
Culmination and Elongation 


Lati¬ 

tude 

Time in¬ 
terval 

Lati¬ 

tude 

Time in¬ 
terval 

Lati¬ 

tude 

Time in¬ 
terval 

Lati¬ 

tude 

Time in¬ 
terval 

0 

h. m. 

0 

h. m. 

! 0 

h. m. 

0 

h. m. 

10 

5 58 2 

35 

5 56 . I 

i 48 

5 54 3 

58 

5 52.3 

15 

5 57 9 1 

40 

5 55.4 

SO 

5 S3 9 

9o 

5 51.7 

20 

5 57.4 1 

42 

5 55.2 

52 


62 

5 51.1 

35 

5 57.0 

44 1 

s 54.9 

54 

5 53.2 

64 

5 SO .4 

30 

5 59 5 ! 

i 

46 

5 54 6 

1 SO 

5 52.8 
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Footnote for Tables 143, 143-4. 


Eastern elongation precedes and western elongation follows upi>ei 
culmination by the time interval given in Table 143A. Lowei 
culmination precedes or follows upper culmination by 58“.o. 
It should be noted that there are two upper culminations on one 
day in October (15th in 1931) and two lower culminations in April 
(16th in 1931). There are also two western elongations on one day 
in January and two eastern elongations on one day in July. 
a. To Refer the Times in Table 143 to Other Years .— 


m. 

1932, up to Mar. i... . add i. 5 
tc)32, on and after Mar. i 

subtract 2.4 

1933 subtract o 8 

1934 . add 0.8 

•935 . add 2.4 

1936, up to Mar. i. . . . add 4.0 


m. 

1936, on and after Mar. i 


add o. 1 

1937 . add 1.8 

1938 . add 3.5 

1939 . add 5 .2 

1940, up to Mar. i.... add 6.8 


1940, on and after Mar. 

I.add 2 .8 


h. To Refer to Other Than the Tabular Days. —Subtract from the 
time for the preceding tabular day the product of the variation per 
day and the days elapsed, as given below: 


Days 

i-lapsed 

Van 

ation per day j 

1 Days 
elapsed 

Variation per day 

57 " 

56* 

3 '" SS" 

3 "^ S 7 " 

3 “ 56" 

3 ™ 55 " 


m. s. 

m. 8 . 

m. s. 

i 

m. s. 

m. s. 

m. s. 

I 

3 57 

3 56 

3 55 

1 6 

23 42 

23 36 

23 30 

2 

7 54 

7 S 2 

7 50 

1 7 

27 30 

27 ^2 

27 25 

3 

II SI 

11 48 

( II 45 ! 

i » 

31 30 

\ 31 28 

31 20 

4 

15 48 

IS 44 

IS 40 

1 0 

35 33 

; 35 24 

35 15 

5 

10 45 1 

ig 40 

19 35 ; 

■ ' 


1 



r. To Refer to Any Other Than the Tabular Longitude (90°).— .\dd 
o“.i for each 10° east of the ninetieth meridian or subtract o“.i for 
each 10° west of the ninetieth meridian. 

d. To Refer to Standard Time. —Add to the quantities in Table 143 
four minutes for every degree of longitude the place of observation 
is west of the standard meridian (()o°, 75'", 90°, etc.). Subtract 
when the place is east of the standard meridian. 


Table 144 was computed using the mean declination of Polaris for 
t he beginning of each year. A more accurate result will be obtained 
by applying to the tabular values the following corrections, which 
dc^Kind on the difference between the mean and apparent place of 
the star. 


Month 

Correc- { 
tion 1 

Month 

Correc¬ 

tion 

Month 

C orrec- 
tion 

January. 

February. 

March. 

April. 

MM 

0000 

May. i 

June. 

July. 

August. 

t 

0.0 

-fo I 

-f 0.1 
0.0 

September . . . 

October. 

November .... 
December . . . 

— 0.2 
-0.4 
-0.7 
-0.9 


























Table 144.—AzniUTH of Polaris at Elongation, 1931 to 1940 
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(Text continued from Page 914.) 

Find from Table 144 the azimuth of Polaris for the year of obser¬ 
vation and the latitude of the place. 

Find from the table on page 918 the natural tangent of this angle 
and multiply it by the distance from the peep sight to the rod. The 
product will be the distance to be laid off from the rod, to the west, 
in the case of eastern elongation, or to the east for western elongation, 
to a point which with the peep sight will detine the direction of the 
true meridian with a fair degree of accuracy. Set a stake at this 
point and another exactly below the deep sight, if the meridian is 
needed for future use. 


Natural Tangent of Angles from i° 00^ to i° 50' 


Angle 

Tan¬ 

gent 




1 ' 

gent 

0 / 


0 / 

( 

0 / 

0 / - 

0 / ' 

z 00 

0.01746 

I 100.02036 

I 200.02328 

1 300.02619 

I 400.02910 

01 

0 . 0 I 77 S 

I I 0.02066 

210.02357 

310.02648. 

410.02939 1 

02 

0.01804 

120.02095 

220.02386 

320.02677 

420.02968 

03 

0.01833 

13 0.02124 

230.O24IS 

330.02706 

430 02997 . 

04 

0.01862 

140.02153 

240.02444 

340.0273s 

440.03026 1 

j 

os 

0.01891 

15 0.02182 

250.02473 

350.02764 

450.0305s ! 

06 0.01920 

160.0221 r 

260.02502 

360.02793 

460.03084 

07 

0.01949 

170.02240 

370.02531 

370.02822 

470.03114 

08 

0.01978 

180,02269 

280.02560 

380.02851 

480.03143 

09 

0.02007 

190.02298 

290.02589 

390.02881 

490.03172 1 

1 10 

0.02036 

I 200.02328 

I 300.02619 

I 40,0.02910: 

1 1 

I 500.03201 

1 1 
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Method No 2 

Noting When Polaris and Another Star are in the Same Ver¬ 
tical Plane.— For places north of latitude 35°, the true meridian may 
be determined by taking advantage of the fact that two bright stars 
in the northern heavens across the meridian on opposite sides of the 
pole only a few minutes before Polaris. These stars are the ones 
known as Zeta {^) Ursae Majoris or Mizarand DeltafS) Cassiopeiae. 
Their positions in the constellations are shown in the accompanying 
diagram page 920. 

Select that one of the two stars whit h at the time of the year when 
observations are to be made passes the meridian below the pole. 
When the star passes the meridian above tlie pole it is too near the 
zenith to be used. Delta Cassiopeiic is on the meridian below the 
pole at midnight about Apr. 10, and is, therefore, the proper star to 
use at that date and for 3 months before and after. I'or tlie other 
6 months of the year Zeta Ursic Majoris will be the proper star to 
use. In the long days of June and July the lower culmination of 
both stars occurs during daylight, so that the method cannot be 
used. 

Using the apparatus described under Observations of Polaris at 
Elongation, keep the peep sight in line with the plumb line and 
Polaris until the selected star also appears upon the plumb line. 
Carefully note the time when this occurs. Then, by moving the 
peep sight, continue to preserve its alignment with Polaris and the 
plumb line (|)aying no furtlier attention to the other star). At 
the expiration of 12.5 min. (in 102.:) Polaris will be on the meridian 
and the peep sight and plumb line will then chdinc a true north and 
south line, which may be permanently marked for future use. For 
each year suhsequott to 1922 the interval increases approximately 
half a minute. 

As the pole distance of Delta Cassiopeice is 35° and that of Zeta 
Ursse Majoris is 40*^, this method cannot be used for the southern 
part of the United States wlierc the stars arc bclo\v the horizon at 
lower culmination. See page 920 for Star diagram. 

Usu\L Method No. 3 

Observations of Polaris at Elongation.—With a surveyor’s 
transit the true meridian may be determined by observing Polaris 
at elongation as follows: 

Select a station for observing which affords a good view' of the 
northern sky and wdth the ground clear for at least 100 yd. to the 
north. 

If the station is to be used for determining the magnetic declina¬ 
tion, care should be taken to have it w'cll removed from electric 
car lines, buildings, and other possible sources of disturbance. If 
a meridian line is to be established for future use, the ends should 
be placed so that they may be protected from disturbance. 

Mark the observing station in a suitable manner; for e.vample, 
by a stone post w ith a drill hole in the top, set firmly in the ground. 
Be sure the transit is in perfect adjustment {see page S53). 

About 30 min. before the time of elongation of Polaris, derived 
from Table 143, set up the transit with its vertical axis exactly 



920 


SURVEY DATA 


H 


Srea / 




/ 

\a 




Po laris 




Sear 


W. Pole 


^ \ f 
aV 


Cass'iOfoeioi 


POLARIS MERIDIAN 


921 


over the station mark and carefully level the instrument. It is 
essential that the transverse axis of the telescope be horizontal. 
This should be tested in the daytime by pointing on the vertical 
edge of a house and noting whether the vertical cross-wire continues 
to coincide with the edge of the house as the telescope is turned in 
altitude. 

Illuminate the cross-wires by the light from a bull’s-eye lantern 
or a pocket flashlight directed obliquely into the object end of the 
telescope by an assistant. 

Point the telescope at the star and clamp the horizontal circle. 
Keep the star covered by the vertical cross-wire by means of the 
tangent screw of the vernier plate, until a point is reached where it 
appears to move up or down along the wire without moving away 
from it, thus indicating that elongation has been reached. 

Depress the telescope to the horizontal position; about 100 yd. 
north of the instrument drive a stake and mark a point on its top 
exactly coincident with the vertical wire of the telescope. This will 
require a second assistant and light. Turn the vernier plate 180° 
and again set the vertical wire on the star, clamp the horizontal 
circle, depress the telescope, and mark another point on the stake. 
The point midway between the two marks, w^ith the point under the 
instrument, will define on the ground the vertical plane through 
Polaris at its eastern or western elongation, as the case may be. 

Near elongation the azimuth of the star changes very slowly, not 
more than o'.i in the 10 min. before or after elongation in the 
United States, so that there is plenty of time to make the second 
pointing after reversal, if there is no unnccessafy delay. 

By daylight lay off the proper angle taken from Table 144, to the 
east for western elongation and to the west for eastern elongation, 
and place a suitable marker to mark the north end of a meridian 
line of which the station marker will be the south end. The angle 
should be measured both before and after reversal, as in the case 
of the star. 

Method No. 4 

Observations of Polaris at Any Hour. —The methods thus far 
described have the great advantage that an accurate knowledge 
of the time is not required, but they are not always convenient, 
as the elongation or culmination of Polaris does not always come 
at a convenient time for observing and the star may happen to 
be obscured just at that time. 

The true meridian may be determined to the nearest minute of 
arc by observations of Polaris at any hour when the star is visible, 
provided the local mean time is known within i minute, as in the 
extreme case when Polaris is at culmination its azimuth changes i' 
of arc in about 2 minutes of time in latitude 50°, and i' of arc in 
about 3 minutes of time in latitude 20®. The standard time can 
usually be obtained at a telegraph oflSce or directly by radio from 
the signals sent out from observatories. From this the local mean 
time may be derived bv subtracting 4 min. of time for every degree 
of longitude west of the standard time meridian for the place of 
the observation (see page 914 for time zones) or adding 4 min. for 
every degree east of the standard meridian. 



Table 145. —Azimuth of Polaris at All Hour Angles 

Computed for declination 88® 53' 25''. For hour anRles to 12^ the star is west of north, and from I2*» to 24** it is east of north. 
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The selection and marking of the observing station and the 
adjustment of the theodolite will be done as in the case of observa¬ 
tions of Polaris at elongation. As the observations are to be made 
when the azimuth of the star is changing, it will be preferable to 
provide an azimuth mark, such as a light showing through a slit 
in a box, and make a series of measures of the angle between the 
mark and the star. The light used to illuminate the cross-wires 
of the telescopes may be used also in reading the horizontal circle. 

Begin by pointing on the mark and reading the horizontal circle. 
Point on the star, record the exact time and the reading of the circle. 
Turn the vernier plate 180° in azimuth and again point on the star, 
recording the time and circle reading as before. Finally, point on 
the mark again and read the circle. The number of pointings in a 
set may be increased or additional sets may be taken to secure 
greater accuracy. The azimuth of Polaris for the local mean time 
of observation will be derived from Table 145 in the manner 
explained below. 

The following example explains the use of the table and the 
derivation of the hour angle of Polaris: 


Position, latitude 36* 20' N., longitude 80* 07'.5 or 5^^ 20® 30* W. of Green¬ 


wich. 

Time of observation, July 10, 1023, standard (7Sth meri- h. m. s. 

dian) mean time. 8 52 40 p. m. 

Reduction to local time. — 20 30 


Local mean time... 8 32 ro 

Reduction to sidereal time (^table 3. American Ephemeris) + 01 24 

Sidereal time mean noon, Greenwich, July 10, 1923. 7 09 33 

Correction for longitude 20® 30* (table 3, American 

Ephemeris). -f- 00 53 


Local sidereal time. 15 44 00 

Apparent right ascension of Polaris, July 10, 1923 . i 33 47 


Hour angle before upper culmination. 9 49 47 


Declination for which Table 14s applies. 88 53 25 

Apparent declination, July 10, 1923. 88 53 19 


Decrease in declination. 06 

Azimuth from Table 14s (interpolated)..... o 44.0 
Correction for 6" decrease in declination, 

table on page 927. -f- o 1 

Computed azimuth. o 44 i east of north. 


It is to be remembered that Polaris is cast of the meridian for 12 
hr. before, and west of the meridian for 12 hr. after, upper 
culmination. 

Without the American Ephemeris the table may be conveniently 
used for obtaining the true meridian, in connection with Table 143 
giving the approximate mean times of culminations of Polaris. 
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Time of observation, July lo, 1923. standard (75th meri- 

h. m. s. 

dian) mean time. 8 52 40 p. m. 

Reduction to local mean time. — 20 30 


Local mean time. ... 

Local mean time of upper culmination of Polaris (Table 
143 and A). 

Mean time of observation before upper culmination 
Reduction to sidereal time. 

Hour angle before upper culmination .... 


8 

32 

10 

18 

20 

18 

9 

48 

08 

4 - 

or 

38 

9 

49 

46 


Declination for which Table 145 applies .. . . 8S 53 25 

Declination July 15, 1923. 88 53 10 

Decrease in declination. 06 

Azimuth from Tabic 14s... .. o 44 -0 

Correction for 6" decrease in declination. 

table on page 927. -f o.i 

Computed azimuth. 0 44 t 


east of north. 


Tables are generally given in books on surveying for reducing 
mean solar to sidereal time, but for this computation it is near 
enough to consider the correction lo* an hour, as the stars gain very 
nearly 4 min. on the sun each day.' 


Table 145 is taken from the American Ephemeris for 1922, 
and was computed for a declination of Polaris of 88° 53' 25". For 
other declinations the corrections given in the following table 
should be applied. The correction is very nearly proportional 
to the azimuth and amounts to a decrease of o'.9 in azimuth for an 
increase of declination of i' for an azimuth of 60'. The above 
declination is very nearly a mean value for the year 1922, the 
declination varying during the year as follows: 


O t H 


January 

IS-- 

.8.S S 3 

35 

February 

IS--- 

S 3 

33 

March 

IS -• 

53 

26 

April 

IS -- 

S 3 

17 

May 

IS-.- 

53 

08 

June 

IS-. ■ 

53 

03 


O / // 


July 

IS---- 

...88 53 

03 

August 

IS---. 

S 3 

07 

September 15.... 

S 3 

16 

October 

IS--.- 

53 

27 

November 

15.... 

53 

3 H 

December 

IS--- 

53 

47 


The annual increase in declination of Polaris is about 16". 

‘ The sidereal correction always increases the hour angle. 
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Correction to Tabular Azimuths for Other Declinations 


Azimuth. 

0' 

20' 

40' 

60' 

80' 

100' 

120' 

Declination: 

/ 


/ 





88 S 3 

2S . 

0.0 

0.0 

0.0 

0,0 

0.0 

0.0 

0.0 

S 3 

30. 

0 .0 

0.0 

— O.I 

— 0,1 

— O.I 

— O.I 

—0.2 

53 

35 . 

0.0 

0.0 

0 . I 

0.2 

0.2 

0.3 

0.3 

53 

40. 

0 .0 

— 0 . I 

0.2 

0 . 2 

0.3 

0.4 

0.5 

53 

45 . 

0.0 

0 . I 

0.2 

0.3 

0.4 

o.s 1 

0.6 

53 

50. 

0,0 

O.I ; 

0.3 

0.4 

1 0.5 

1 0.6 

0.8 

53 

55 . 

0.0 

0.2 

0 3 

, 0 5 

! 0.6 

! 0.81 

0.9 

54 

00 . 

0.0 

0. 2 

0.4 

1 0.5 

I 0.7 

; 0.9 ! 

I. I 

54 

OS. 

0.0 

0. 2 

0 4 

1 0.6 

1 0.8 

1.0 ! 

1.2 

54 

10. 

0.0 

0 2 

0.5 

! 0.7 

I 0.9 

I. I ! 

1.4 

54 

IS . 

0.0 

0 2 

1 o.s 

I 0.8 

i I.O 

1.3 

1.5 

54 

20. 

0.0 

0.3 

0.6 

' 0.8 

1 

I -4 

1.7 

54 

25 - 

0.0 

-0 3 

— 0.6 

' — 0.9 

i 

1 — I .2 

1 

-..5 

-1.8 


Method No. 5 

Solar Meridian by Direct Observation with an Ordinary Transit. 

Where the method of Polaris at elongation is not used, direct 
solar observation is the most convenient method of meridian 
determination, as, while it involves more computation and intro¬ 
duces more chances of error, the work can be done during daylight 
hours and the accuracy that can be attained (within 01' of arc) with 
the usual facilities is close enough for all practical purposes of 
ordinary surveys. 

There are a number of different forms of the fundamental 
formulas governing the determination; the following form has found 
considerable favor; 

, _ sin [5 — (90° — alt.)] sin [5 — (90® — lat.)] 

sin S sin [S — (90° — dec.)] 

' In the formula, A is the angle of the sun from the true north 
measured to the right in the morning and to the left in the afternoon. 

S is one-half the sum of (90® — the observed altitude of the sun 
corrected for refraction) plus (90® — the latitude of the point of 
observation) plus (90® — the declination of the sun at the time of 
observation). 

Note.—N otice carefully the sign of the declination. A south 
declination is a — declination which would make the expression 
(90® — ( — south declination)) = 90® -h south declination. 

A solar ephcmcris from which the sun’s declination is found is 
necessary for the computations. All instrument makers publish 
small pocket editions each year which can be obtained from them 
for 10 cts. 

An ordinary well-regulated watch set for standard time at the 
nearest telegraph office serves for the time determination on which 
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the sun’s declination depends and any good transit with vertical 
circle can be used for observing the horizontal angle and altitude of 
the sun, but observers are cautioned that it must be in good adjust¬ 
ment and the observer must work with reasonable care. 

If standard time is not available, mean local time can be deter¬ 
mined by observ’ation, as explained later on page 930. 

The latitude of the point of obher\afion can generally be deter¬ 
mined closely enough from U. S. Geological Survey maps or Land 
Oflice maps, and if these are not available can be determined by 
observation as explained on page 929. 

Longitude for standard time correclion can be taken from any 
good map. If these are not available, determine local mean time 
by observation. 

Considering all the different sources of error, time, latitude and 
observed altitude the best time of day to make the observation is 
between 9 and 10 a. m. and between 2 and ^ p. m. 

Table 146 gives the correction for observed altitude due to atmos¬ 
pheric refraction. This correction is always minus as the sun 
always appears to be higher than it actually is. 


Table 146.— Mean Refractiun.s Due to Altitude 
Barometer 30", Thermometer 50®F. 


App. 

Alt. 

1 

Ref. 1 

App. 

Alt. 

Ref. 

A',.!.. 

Alt. 

Ref. 

1 App. 

1 Alt. 

Ref. 

5 ° 

9' 46" 1 

10'’ 

5' 

20° 

2 37 

I 30“ 

0' 48'' 

6^ 

8' ^ 3 " < 

12° 

4^ 25" 

i ^ 5 ° 

2' 03" 

; Oo° 

0' 33" 

7 

7 ' 20" 

14° 

3' 47" 

1 30° 

i' 40" 

1 ’ 70° 

0' 21" 

8° 

6' 30" 1 

16° 

3' 19" 

35'' 

i' 22" 

°o 

X 

0' 10" 

9"" 

5' 49" , 

18° 

2' 5 ^" ! 


\ 09'' 

1 

90° 

1 

0' 0" 


A Table of Semidiameters of tjie Sun 

Jan. I, i6'i8" Apr. i, j 6' o 2*' July i, i5'46" Oct. i, i6'oi" 

Feb I, i6'i6" May i, i5'54'' Aug. i, i5'48" Nov. i, ib'og" 

Mar. I, i6'io" June i, is'48" Sept, i, is'53" Dec. i, i6'i5" 


Effect of Errors in Latitude and Declination on Meridian 
Determination.—It is well to bear in mind the effect of wrong 
latitude, or time (which affects the declination), on your meridian 
computations. 

Table 147 prepared by Prof. J. B. Johnson of Washington Uni¬ 
versity, St. Louis, Mo., reprinted in the Metro Manual of the 
Baus<± & Lomb (^tical Co., shows the effect of error in latitude and 
declination for different latitudes and different hours in the day. 





SOLAR MERIDIAN 92^ 

Table 147.— Errors in Azimuth (by Solar Observation) for i' 
Errors in Declination and Latitude 


Hour 

For I Min. Error in 
Declination 

For I Min. Error in 
Latitude 

Lat. 

30° 

Lat. 

40® 

Lat. 

50° 

Lat. 

60® 

Lat. 

30® 

Lat. 

40® 

L:.t. 

50® 

Lat. 

60® 

11.30 A. M. 


Min. 

8.85 

Min. 

10.00 

Min. 

11.92 

Min. 

14.07 

Min. 

8.87 

Min. 

9.92 

Min. 

iz .82 

Min. 

13.56 

13.30 P. M. , 
11.00 A. M. 


4.4b 

2.31 

S04 

3 .61 

6.01 

7.68j 

4-31 

4.87 

5.81 

6.37 

1.00 P. M. , 
10.00 A. M. 
2.00 P. M. 
9.00 A. M. 
3.00 P. M. 
8.00 A. M. 
4.00 P. M. 
7.00 A. M. 1 
S.oo P. M. I 
6.00 A. M. 
6.00 P. M. 


3 . II 

400 

2.00 

2.26 

2.69 

3 46 

. 

1.63 

1.85 

2.20 

..8.j 

1.15 

1.31 

1.56 

2 .00 

. 

I -33 

1.51 

1.80 

2.31' 

0.67 

0.7s 

0.90 

I • 15 

. 

i. 

1.20 

1.33 

I .61 

i 

2.07 

: 2.00 

I_^ 

0 , 3 . 

0.35 

0.42 

0-54 

} . 

I . 15 

1.31 

1.56 

1 

i 0.00 

0.00 

0.00 

0.00 


Stated simply, this means that, if the observations are taken 
between 9 and 10 o’clock as recommended, for the most unfavor¬ 
able conditions of fast-changing declination an error of time of 15 
min. will result in an error of 01' of arc on the meridian computations. 

It is well to check the latitude by observation unless your loca¬ 
tion is well fixed on a very reliable map. A simple method of lati¬ 
tude determination is quoted from the Aletro Manual of the Bausch 
& Lomb Optical Co. 

LATITUDE DETERMINATIONS 

"Latitude may be variously determined by observing the transit of a star, 
by a mean altitude of Polaris, or by a direct observation on the altitude of 
the sun at apparent noon. 

‘‘Owing to the earth's annual motion in its orbit, the sun changes his 
position along the ecliptic with respect to the stars at a not altogether uni¬ 
form rate, so that some solar days are either longer or shorter than others. 

"For the reason that a chronometer could not con¬ 
veniently be made to change its speed to suit this solar 
phenomenon, there has been established a uniform sys¬ 
tem of time called ‘mean solar time.’ The difference 
between mCian noon, when the sun should be on the 
meridian, and apparent noon when the sun actually is 
on the meridian, is called the Equation of Time.' The 
tabular corrections will be found in the Ephemcris tables. 

"Thus, in early November the sun has passed the 
meridian more than 16 min. before mean noon. It is 
always well to begin latitude observations some 30 min. 
before local noon, although there will be seasons of the PiG. 208. 
year when the sun will not attain its greatest altitude until 
after local noon. 

“Standard time will also qualify the argument, but this should be studied 
out by reference to the map on page 014. In western Texas, for instance 
observations need not begin until nearly i o’clock standard time; whereas in 
Eri^Pa., they should begin shortly after 11. 

“Procedure. —Follow up the lower limb of the sun, and when the maximum 
altitude is found add the sun's semidiameter, as given on page 928, to tho 
reading on the vertical circle; subtract correction for atmospheric refraction. 
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as 6gured by interpolation from the table (p. 928), and correct this result by 
the sun’s declination, adding if south and subtracting if north. The final 
result is the colatitude or the polar distance (90“ — latitude).” 

To find the latitude subtract the colatiLude from 90°, i.e., latitude 
= 90® — colatitude. 

Time. —In case telegraphic standard time is not available 
determine the meridian by Polaris at elongation and then the mean 
local time can be obtained by the transit of Polaris across the meri¬ 
dian by referring to Table 143 (p. 914) or by the apparent sun time 
when it crosses the meridian at noon connected to mean time as 
given in the Ephemeris referred to on page 927 which can be 
obtained from any instrument maker. 

SOLAR MERIDIAN BY DIRECT OBSERVATION, PRO¬ 
CEDURE, AND EXAMPLE OF COMPUTATION 

Procedure.—An ordinary transit with one-half vertical circle in 
good adjustment will give satisfactory results, although it is con¬ 
venient to have a machine with a full vertical circle and a masked 
prismatic eyepiece for direct observation. 

When using an ordinary transit remove the cap from the eyepiece 
and then by focusing the eyepiece and objective lenses correctly 

Observation No I., No.2., No 3., No.4. 

a sharp well-defined image of both cross-wires and sun can be pro¬ 
jected onto a piece of white paper held a few inches back of 
the eyepiece. The vertical and horizontal angles to the sun can 
then be read by bringing the image of the sun tangent to the 
image of the vertic al and horizontal wires simultaneously and the 
time recorded. Two, four, or six observations are made as rapidly 
as possible with the image of the sun alternately in opposite 
quadrants and the average time, average vertical angle, and average 
horizontal angle used in the computations. 

Example .—Solar meridian observations at Lima, Ohio, Jan. 18, 
1918. 

Average time of four observations, 2.42 p.m. Central Standard 
time. 


Average horizontal angle (mark to sun). 132® 22' 00" 

Average vertical angle to sun. ^6° 37' 00" 

Longitude of Lima. 84° 07' 00" 

Latitude of Lima. 40° 45' 00" 

Observed altitude of sun. 16® 37'00" 

Refraction correction. — 3' 00" 

Corrected altitude. 16° 34^ 00" 

Latitude. 40® 45' 00" 

Declination at time of observation. S. 20® 34'30" 
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Declination Computation. —Observed standard time (central 90th 
meridian) 2.42 p. m. Lima is 5° 53' east of the goth meridian. To 
get the correct local mean time add to the recorded time 4 min. 
for each degree of longitude east of the goth meridian or 4 X 5.9*^ 
= 23.6 min. (say 24 min.). 

Correct local mean time of observation 3.06 p. m. 

Take from the Ephemcris the sun’s declination at Greenwich 
mean noon of Jan. 18, 1918 = S. 20° 38.9'. 

Lima is 84° 07' west of Greenwich, or its mean local time is 5 hr. 
and 36 min. earlier, that is, the local mean time of Lima at Green¬ 
wich mean noon is 6.24 a. m. and the sun’s declination for 6.24 a. 
m. Lima local mean time is S. 20^ 38.9'. 

The declination is decreasing at the rate of 30" per hour. The 
time of observation 3.06 p. m. local mean time is 8 nr. and 42 min. 
later than 6.24 a. m. and the declination for the time of observation 
is therefore: 


Declination at 6.24 a. m. Lima = S. 20° 38.9' 
8.7 hr. X 0.5' (30'' hourly change) = — 4.3' 

Declination at time of observation = S. 20° 34.6' 

= S. 20° 34' 36" 
Say = S. 20° 34' 30" 


It should be remembered that a south declination is a minus 
peclination. Be careful of your signs in the following formula: 
Applying the formula 


S = 
3 ' - 


fons W = [-S’ - (90^ ~ alt.)] sin [ S - (90° ■ 

^ sin 5 sin [S - (90° - dec.)] 

-f- (qo^- (^ 

2 

73 ° 26' + 49® 15' + no® 34' 30" _ , 

“ no ^7 45 


20^ 3V 33^ 0) 


S — (90° — alt.) = 43*" n' 45" 

S — (90° — lat.) = 67® 22' 45" 

S — (90'' — dec.) = ()° 03' 15" 
log sin 43"" 11'45" 

log sin 67® 22' 45" = 

colog sin (180° — 116° 37' 45") 63° 22' 15" = 

colog sin 6° 03' 15" = 

log tan’^ Lj/l = 2j 

log tan 3'2-1 

^ 68° 52'45" 

= 137" 45' 30" 


9-835 3697 

9.965 2348 
0.048 6988 
0.976 8768 
20.826 I Hot 
0.413 0900 


As the observation was in the afternoon the angle between the 
sun and true north is 137° 45' 30^' to the west of north. The 
azimuth from the instrument to the sun is therefore 360° — 137° 
45' 30" « 222° 14' 30". 

The true azimuth from the instrument to the mark is therefore 
222° 14' 30" — 132° 22' * 89® 52' 30". 
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To mark the true meridian on the ground turn off an angle of 89° 
52' 30" to the left from the reference mark used in the observation. 

Tlie Ross Meridiog^ph.—If much meridian work is being done 
it will pay to obtain the Ross Meridiograph, which graphically 
solves the solar meridian to the nearest minute. It is quick and 
simple to use and eliminates the one drawback of the direct observa¬ 
tion, namely, the extended computations. 
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An expert instrumentman with a first-class transit can get more ac¬ 
curate results in rough country, providing the atmospheric conditions 
are steady, by the use of the stadia 
method of measurement than by the 
ordinary chaining of the average survey 
gang. The author has for a number of 
years worked under a restriction of a 
closure of less than 5 .0' to the mile, which 
is better than can be attained by ordi¬ 
nary chainmen in hard topography. 
The method is quick and reliable and is 
to be preferred in open country. Chain¬ 
ing is to be preferred in heavy cutting 
or where curv'cs must be run in. 

For an ordinary tangent preliminary 
survey the stadia method is very satis¬ 
factory. To get good results, however, 
the observer should be expert. The 
ordinary garden variety of instrument- 
man cannot use stadia successfully; he 
should check his main line by both back 
and foresight readings. He must keep 
his instrument in first-class shape and 
must use a rod with a fairly broad face with clear distinctive mark¬ 
ings; this rod must be held steady and vertical, which can be 




i 

^ .OlrcalM 
^ L«f«l 

S«ction A-A 


Elevation 

Fig. 299. —Sketch of cir¬ 
cular plumbing level for 
stadia rods. 



acoomplished by the use of a small universal circular level attached 
to the rod, and steadiness can be secured by a short hand rod 
(about 4' long) that the rodman uses as a shifting brace. 
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The transit must be steady, must have a first-class Icnse, and 
must be equipped with fixed stadia wires. Adjustable stadia 
wires are wortmess if good work is required. Distances between 
hubs should, as a rule, not exceed 500 to 600' for close line measure¬ 
ments, but side slots can be taken up to 1500'. 

The essential elements of the theory of stadia measurement are 
briefly as follows: 

The measurement depends on the optical angle of the stadia wires. 
This angle is governed by the distance apart of the stadia 
wires. The rod intervals A and A' subtended between the stadia 
wires are directly proportional to the distances b and b' from the 
apex of the optical angle. The apex of this optical angle is always 
a certain fi.xed distance in front of the instrument and is different 
for different makes of transit. Call this distance C, which can be 
determined, as later explained, by test or is generally noted in 
instructions furnished by the instrument maker. The actual 
rod interval as read by the observer is therefore proportional to 



the distance from a point ahead of the instrument and not from the 
center of the transit. For close work, this distance C must be 
known and also the rod interval per 100' of distance beyond the 
apex of the optical angle. The rod interval per 100' of distance 
is desirably i .0' but unless unusual care is exercised in setting the 
wires it is rarely exactly this value. To determine the actual value 
of this interval proceed as follows: 

Case I. —Where the value of C is known. 

Note. —C generally ranges between 0.75 and 1.25'. 

Pick out a level line about 800 to 1000' long. Drive a transit 
hub; place a foresight picket. Measure from the transit hub 
toward the foresight the distance C, which will be assumed in this 
case to be 1.25', and drive a hub. This hub represents on the 
ground the apex of the optical angle. From this hub measure 
carefully with a steel chain too' and set a hub on line with the fore¬ 
sight and continue to set points at intervals of exactly 100' until 
you have a test line 800 to 1000' long. 

Now level the telescope and read the rod intervals when the 
rod is held on each of the stakes and record tliis interval to the 
nearest fraction of a foot that you are sure you can actually see. 
As the length of sight increases it becomes less and less possible 
to determine the interval exactly, and when you are not certain 
of the reading to a 0.01' stop attempting to lengthen the sight and 
you have practically determined the sam length of sight for actual 
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ine work that the instrument is capable of handling. To deter¬ 
mine the rod interval record your readings and take the average 
value. Assume your rod intervals to be as follows: 


a'. 

a- 

a* 

a* 

o» 


0.997' -T- I = 0.997 

1.995' 2 = 0.9975 

2.09' 3 = 0.9967 

3.99' -7-4 = 0.9975 

4-985' 5 = 0-997 

5.97' -7- 6 = 0.9Q5 

6.9s' -7- 7 = 0.993 

8.02' -7- 8 = 1.002 


This indicates that beyond 500' the readings become uncertain 
and that about 600' is the limit of practical line sight for close 
work. Good stadia work requires that the instrument man is 
perfectly honest with himself and recognizes his limitation when 
it is reached. The rod interval per 100' is therefore 0.997 in thi.s 
case and every foot on the rod when the line of sight is level means 

an actual distance from the apex of the optical angle of 5 = 

, 0.997 

100.3'. 

To get the actual distance then for a level line of sight rod reading 
of 2.45' multiply 2.45 X 100.3 = 245.73'. 



Say 245.7' from the apex of the optical angle and the distance 
from the center of the instrument will be 245.7' plus the constant 
C (1.25) equals 246.95' from the center of the instrument. 

The effect of the inclined line of sight will be discussed later. 

Case 2.—Where the constant C is not known. To determine 
the constant C and the rod interval per 100' of distance beyond 
the apex of the optical angle. 

Measure a base line 800 to 1000' long placing hubs every 
too' and every 10' for the first 100', but measuring these distances 
from the center of the instrument, as C is not known. 

Set the transit up over the first hub and with a level line of sight 
read the stadia wire rod interval at each of the stakes on the line 
which are at actually measured known distances from the center 
of the instrument of 20', 30', 40', 50', etc., and 100', 200', 300', etc. 
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The problem is to determine two unknown quantities, C the 
constant and X (the rod interval per loo' of distance beyond the 

apex of the optical angle). According to Case i, —^ = the 

actual distance beyond the apex represented by a rod interval 
of Therefore the constant C can be determined from two 
equations using the actual rod intervals at two different stakes. 
The constant C can be most accurately determined by short sights 
20 to 40' and the rod interval per 100' from the longer sights 100 
to 300'. The method is illustrated as follow's, using rod readings 
taken at fx)ints 100' and 200' from the center of the instrument. 

1.00^ 

100' — C = observed rod interval a' X y. 

200' — C = observed rod interval a* X ^ ^ 

Suppose the rod interval — 0.9845 
Suppose the rod interval a* = 1.9815 
1.00 

100.0 — C — 0.9845-— 

^ O I.OO 

200.0 — C — 1.9815 - 

call fhe .symbol I’. 

100.0 — C = 0.9845)' Kq. (i) 

200.0 — C = 1.9815I’ Kq. (2) 

100.0 = 0.997 Y Subtract Eq. 

(i) from (2). 

y _ 100.00 

O.Q 97 

Y = 100.3'. 

That is, a i' rod interval equals 100.3' distance beyond the apex 
of the optical angle. 

To determine C, substitute this value of T in Eq. (i). 

100.0 — C = 0.9845 X 100.3 
- C = — 100 -h 98-75 

C = 100 - 98.75 
C = 1.25'. 

Apply this principle to three or four sets of readings and take the 
mean values. 

You now have the basic constants of the instruments for close 
work. 

Effect of Inclined Sight on Stadia Readings.— The previous 
discussion is based on a level line of sight. It should be tome in 
mind that the stadia distance as previously discussed refers tp the 
distance along the line of sight when the rod is perpendicular to 
the line of sight. 

In case the line of sight is inclined, the rod reading must be 
corrected to a true rod reading perpendicular to the inclined 
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line of sight and the distance along the inclined line of sight must 
be corrected to the true horizontal distance. 

Rod interval X cos .4 (angle of inclination) = corrected rod 
interval. 

(Corrected rod interval in feet X actual distance value per foot 
as determined by test X cos angle i-l) -f (the constant C X cos 
angle A) — corrected horizontal distance. 


I i It CorrecHef . 
Corr^cHd ^^ 

ProjtcftonQf^.^ j 


Cornett d Rodlnftrva! 
Ptrptndicuiarfo 
Lint of Sight. 

} Actual RodJnftrtQi 



dhtld VtrticaUj^ 


Fig. 303. 


(Corrected rod interval in feet X actual distance per foot of rod 
interval as determined by test X sin of angle A) plus (constant C 
X sin angle A) — corrected vertical distance. 

All standard stadia reduction tables and diagrams similar to 
Table 137 (p. 844), are based on 100' of distance for i.o of rod 
interval plus the constant of the instrument. 

If much stadia work is to be done all instrument makers will 
set fixed stadia wires guaranteed to measure 100' distance per i.o 



tkight-af Instrumtrrt 
obevtHub 5.3' 

i 

^r- 

• * -r f df Top S 230.3 

Fig. 304. 


tlubBItvafion 

ofTop53b3L29 


of rod interval for the distance from the apex of the optical angle, 
and such wires are generally sufficiently close to this standard so 
that for all practical survey work on which stadia methods are 
desirable no correction for rod interval need be applied. 

The following example of reduction of stadia reading for careful 
line work will snow the method. 

Case I. —Where the stadia wires are guaranteed to read 100' 
distance per foot of rod interval and the constant C » l.25^ 
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Procedure. —Measure the height of the center of the telescope 
axis at the standards above the top of the transit hub; this is called 
the height of instrument. Assume this, for example, to be 5.3'. 

To get the vertical angle to the next hub sight on the rod with 
the middle horizontal wire set on 5.3' on the rod held on the fore¬ 
sight hub and read the vertical angle, say -fio® 13'; level the 
telescope by the large telescope bubble and record the index 
error, say -|-o° 01'; the correct vertical angle is then 12'. 

To get the rod interval reading corresponding to the vertical 
angle of 12', sight on the rod with the middle horizontal 

wire on 5.3': then shift the vertical line of sight so that the lower 
stadia wire is exactly on one of the main rod divisions and read 
the rod interval between the two stadia wires. Say in this case 
3-37 or 337^ distance. Look in Table 137 (p. 844), w'hich gives for 
a vertical angle of 10° 12' the correct horizontal and vertical dis¬ 
tance per 100' of stadia reading as horizontal distance 96.86'; 
vertical ditlercnce in elevation 17.43'. The total horizontal 
distance for the stadia reading of 337' is therefore (337 X 96.86 = 
326.42) -f- (constant C X cos 10° 12') given at bottom of page 
in table as 1.23) = 327.65 total horizontal distance. 

The vertical difference in elevation is (337 X 17.43' = 58.74') 
•f ((constant C X sin io° 12') given at bottom of page in Table 
137 as 0.22) = 58.96' total difference in elevation. The elevation 
of the new hub is therefore 5230.3 -h 58.96 = 5289.26. 

Case 2.—Where a stadia interval must be corrected for poor 
wire interval. 

Suppose the instrument used measures 100.3' ^^^h foot on 

the rod and the rod reading for a vertical angle of 10® 12' is 3.36'. 
The correct stadia distance is found by multiplying 3.36' X 
100.3 ~ 337 ^ distance. Then proceed as in Case i. 

Stadia Rods.—Stadia rods can be divided in innumerable 
ways and it makes little difference what symbols are used so long 
as they are clear and distinct. The principle of bisection for the 
smallest readings is a good system. The face of the rod.s should be 
wider than the ordinary level rod; a width of 2}^ to 3" is about 
right. They should have a very brilliant white background and 
jet-black face markings with large numbers for the even feet mark- 
the tenths should not be numbered. 

The practice of special graduations to fit the wire interval of 
the instrument is not desirable, particularly in rough country where 
rods arc ofli-n broken. 

A standard i.o' division is safer, as any standard rod can then 
be used. 

The following system of face markings has been used by the 
author and is given merely as an example in case the reader has no 
preference of his own. 

The rods should be as light as possible with a back brace to 
prevent warping and provide hand holes. A length of 10' is 
ample for all practical purposes. 
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Fig. 305.—Stadia rod. 
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Bridge Surveys. —The base line for the bridge survey should be a 
very carefully measured line, correct to within i" for the span proper 
and with the hubs well referenced. Direct steel-tape measure^ 
ments are preferred, but if this is not feasible and triangulation 
is required two independent system-^ of triangulation should be 
usedas checks on each other. Steel tapes should be certified 
standard and distances should be corrected for temperature. 
The topography along the stream and adjacent to the bridge site 
can generally be most easily and properly located by careful 
stadia survey methods. 

Enough data should be obtained to permit the preparation of a 
plan containing all the information shown in Fig. 305B. This 
covers all data in regard to the location condition and size of the 
existing structure; stream channel for a sufficient distance above 
and below the proposed bridge site to cover all possible channel 
improvements and to permit a reasonable bridge location layout 
to be made; foundation elevations and character of soil; high- 
and low-water elevations; all adjacent topographic features and 
property owners; waterway area of adjacent bridges and general 
type of opening which has served satisfactorily on the stream, 
considering ice and debris jams. 

Ordinary surv'ey methods and notes previously described will 
serve for this class of survey. It is desirable to record all stadia 
horizontal angles on the basis of azimuth angles (0° to 360°) 
measured to the right from the north point or back site. Perma¬ 
nent benches must be established correct in elevation to o.oi 
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OFFICE PRACTICE 

Introduction.—Effective design is based on the principle of the 
preparation of alternate comparative designs in order to pick the 
most suitable or economical solution (sec design report, pp. 770 and 
1095). By the use of this method of alternate designs a good engi¬ 
neer will reduce construction costs at least 10 to 20% below those 
obtained by the usual stereotyped application of standards with 
little thought to the local problem. First-class office design costs 
from $150 to $400 per mile and any effort to cut cost below the 
amount required for thorough design is poor economy, as indicated 
by experience of over 20 years. 

Estimates of quantities should be liberal in order to avoid the 
necessity of supplementary agreements during the progress of con¬ 
struction, but in order not to mislead the contractor in making his 
bid, it is necessary for the estimate to show the probable minimum 
amount for each item with a statement of the amount allowed for 
contingencies. Cost estimates should be fairly liberal. They 
should never be below an amount which will insure a reasonable 
profit with ordinarily favorable luck and foresight. This matter of 
cost is im{X)rtant, as a poor price is almost certain to result in inferior 
work. 

The discussion of office practice wdll be handled in the same 
general manner as the discussion of the survey, namely, under the 
general divisions of: 

а. The improvement of existing roads. 

б. The location of new pioneer roads. 

It is impossible in a book of this character and size of page to 
illustrate exactly the detail methods of design which carry out the 
principles of economy discussed in Part I, but an effort has been 
made to give an idea of the practical methods by restricted examples 
and rather full explanations of drafting-room procedure. The tab¬ 
ular data in connection with design and estimating quantities have 
been found from experience to be very useful. 

THE IMPROVEMENT OF EXISTING ROADS 

OflSce practice includes: 

1. Mapping the preliminary surveys. 

2. Designing the improvement. 

3. Estimating quantities and cost. 

4. Finished contract plans. 

5. Records and record maps. 
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X. Mapping the Preliminary Survey 
The mapping of the preliminary survey serves as a base from 
which the design of the new work, and the quantities necessary 
thereto, can be built up. It consists of three views of the roaa: 
the plan, showing the topographic features; the profile, showing 
the longitudinal differences of elevation, and the cross-sections, 
showing the constantly changing transverse shape. 

The scales in general use are as follows: 


Table 148 


Plan 

Profile 

Cross-sections 

i' — 100' 

I*' = 100' horizontal 

i' - 10' 


i' = 10' vertical 


i' - so' 

i' = 50' horizontal 

I' = 5' 

1 

i' == 10' vertical 

or i' «= 4' 

M 

II 

0^ 

i' — 20' horizontal 

i' « 5' 


1 * = 5' vertical 

or i' == 4' 

l' =* 10' 

i' *= 10' horizontal 



i' « 10' vertical 

1'' — 2 ' 


Not«.~ Distorted profile scales have a strong tendency to increase grading 
costs, as it is a matter of common experience that if a grade line is designed 
by the same man for thjs same road using a distorted profile in one case and 
a natural scale profile in the other case, the quantities resulting from the 
^torted profile are much in excess of the natural scales. Some distortion 
is necessary but the designer should ride over the road and from visual 
inspection determine what rolls in the natural grade can be properly retained 
and what sharp grade changes must be reduced. With a little experience 
of this kind he can coordinate actually good riding profiles with the distorted 
profile on which he is working and he will not needlessly cut and fill smal 
ebangei in the natural grades (see also pp. 109 and 963). 

For court cases it is not permissible to use distorted scales, as the average 
judge or jury do not understand them and are misled by their use. 


The 100' scale is too small for convenience in design, and earth¬ 
work quantities figured from cross-sections plotted i" to 10' are 
not reliable. For work on ordinary country roads, the 50' scale 
is generally adopted, using cross-sections plotted 1 " to 5' or i" to 4'; 
this scale is satisfactory for laying the grade line and computing 
the earthwork. 

The larger scales of i" = 20' or i" = 10' are useful in village 
work where a large amount of detail must be shown. 

Plotting the Center Line. —The survey center line can be plotted 
by deflection angles at the transit points, using a table of natural 
tangents, a vernier protractor or an ordinary paper protractor 
graduate to 1 5'. 
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Where the center line has been well located in the field and 
there seems to be no necessity for a paper relocation, no great 
care need be taken in plotting the deflection angles, as in such a 
case the map serves more as a picture of the topographic features 
than as a basis for alignment. 

\^ere a random line has been run in the field and some shifting 
of the center line is necessary, both angles and distances must be 
accurately plotted. If any extensive change of alignment is 
made, the new deflections and distances should be checked by 
figuring the difference of latitude and longitude for both the 
survey line and the office line between the points of equality. 

Where the consideration of sight distance (see p. 114) governs 
Table 149 will be of service. 


Table 149 


Table 149 gives tlie approximate distance that an automobile 
driver can see an approaching car, assuming that he is driving 
in the center of the road and that the approaching car is also in 
the center. Two distances are given for each curve, the first 
assuming that the line of sight is six feet from the ground, which 
is about right if the curve is on a straight grade, and makes the 
line of sight tangent to the cut slope of i on 19 feet off center 

for the narrow section shown in Fig. 15, page 115, and, second, 
assuming that the line of sight is close to the ground, as occurs 
on rounding the top of a hill, in which case the line of sight will 
be tangent to the side slope at, approximately, ii' off center. 

I 

Degree of 

Radius of Curve 

Sight Distance 

Sight Distance 

Curvmture 

Feet 

Case One. Feet 

Ca^ Two. Feet 

5 

1146.0 

400 

310 

6 

955.0 

375 

290 

7 

818.6 

350 

270 

8 

716.3 

330 

250 

9 

636.6 

310 

235 

10 

573.0 

29s 

220 

12 

477.S 

270 

200 

14 

409-3 

245 

185 

16 

3 S 8 .i 

230 

175 

18 

318.3 

220 

i6s 

20 

286.5 

210 

160 

30 

I9I.O 

170 

130 

40 

143.2 

I 4 S 

no 

SO 

114.6 

130 

100 


For convenience in plotting the topography, the 100' survey 
stations are plainly marked. 

The most common mistakes in plotting the map are made by 
reversing the deflection, as right instead of left and vice versa, 
or in adding or omitting 100' in scaling long-tangent distances. 
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The work should be checked for mistakes of tliis nature. 

All curve data are marked plainly on the map near the IM. 
and show: 

The deflection angle A 
The degree of curve D 
The radius of cur\’e R 
The tangent length T 
The length of curv e L 
The station of the IM. 

The station of the P.(\ 

The station of the P.T. 

If the curves have been figured in the oflirc and have not been 
run in the field it is good practice to scale the offsets from the tang¬ 
ent to the curve and mark them on the map. 

These offsets from the center line as run are then transferred 
to the cross-sections and the profile plotted from center-line eleva¬ 
tions on the cross-sections. 

Plotting the Topography.—If the top<igraphy has been recorded 
by a s>'stem of right-angle offsets, as suggested and illustrated on 
837, it can he easily and quickly plottctl 
y using the transjiarent scale shown here. 
This scale gives the plus distance along the 
sur\'ey base line, or center line, and the off.sct 
distance from the line in one ot>cration. 

.As a general rule, the plotting of the topog¬ 
raphy need not be checked. 

Level Computations.- The survey compu¬ 
tations of the bench levels are checked and a 
list of bench elevalirins prcjiarerl; these eleva¬ 
tions are used in cro.ss section level notes and 
from them the notes are computed between 
benches. .\s each bench is n aclied these notes 
are corrected to agree with the elevation 
adopted tor that In nch and then carried for¬ 
ward on ific cr>rrected b:i‘'is. The allowable 
error for c ross-.sei tion levels, as mentioned in 
the chapter on .surveys, is less than o.r. The 
correction of the levels at each Inmch prevents 
any cumulative error and makers the elevations 
of the cross-section shots agree w ith the adopted 
Flo. 306. — Con- elevations w'ith an error of less than o. 

venient transpar- Ibis is as ckw a the readings can l)C plotted 
ent scale for plot- and as close as they can \)C read in the held, 
ting topography. The computation of the l>ench levels and the 
, , ,, of the cross section notes should l)c 

checked by a romf)etent man. The most common mistake in fig- 
unng the cross section readings i.s to use the wrong height of 
instmmcnt for a section. Such a mistake cannot be detectwl in 
ploUjng the sections, but is generally discovered when the profile 
ift plotted. ' 

In checking the note* particular care should be taken on thb 
one point. 
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Plotting the Cross-sections. —The cro6&-&ectioQs must be very 
carefully plotted, as the reliability of the earthwork computation 
depends largely on their accuracy. 

The crosS'Section paper used should be exact in the divisions and 
should be printed or engraved from plates. 

Ruled [)aixT is inaccurate. 

'Phe plotting is checked by reliable men. Reading the shots 
back from the plotted cross-section is preferable to reading them 
from the lxK)k. The elevations of the center line and of the ditch 
line are written over the section. The station number or plus 
of eacli se( lion is written on the right margin. The fact that 
the section has been graveled within the traveled way, that stone 
has been spread to a certain thickness, or any other fact that 
would iniluence the designer when laying a grade line, is noted on 
the MCtion i,see 1 ig. 307). 



It is common practice to allow tlie inexjHTiencetl men to plot 
and check the cro.ss-sections. 'Phis is a mistake. This i>art of 
mapping is llu- rno.st imj^ortant of the preliminary plans, and the 
w(jrk should be plotted and che<kcd mi that the [>oints are correct 
to the nearest o.i' in elevation. 

These |>oints are then connected with a fine ink line. 

Plotting the Profile. I'hc pmiile is plotted from the centcr-linc 
elevations given in the cross section notes unless the proposed 

< enter line dtxs not coincide with the suxA ey center line, in which 

< asc the elevations of the |)n>jK)scd line arc projected from the 
previously plotted cross sections. 

It is iu»t neccsMiry to sfKnd so much lime for accuracy in plotting 
as on the sixtions. as the prolile only serves as a guide in laying 
the grade line and no quantities dcjxmd upon its correctness. An 
error of 0.2' is allowable. 

The elevation of each plotted ccntcr-linc point is recorded with 
its stationing (sec Fig. 333, p. 1106). 

The profile should s)iow all existing culverts and bridges wnth 
• levations of Ixith present roadway, top and lx)ttom of existing 
-atemay ojKming, and elevations of high water. It should show 
all rails of grade enmings, the location of houses and bams effect¬ 
ing cuts and fills, and oil crossroads or streets. Supplementary 
profiles of cn»sHroads should also be shown to insure goixl intersec¬ 
tion designs for lK>th grade and drainage. 
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a* Designing the Improvement 

The completion of the profile linislies the preliminary mapping. 
The first operations of the olhee design arc as follows: 

A. Selection of grading section. 

B. Depth, width, and crown of pavement. 

C. Final alignment. 

D. Laying the grade line. 

These four points arc so dependent on each other that they can¬ 
not be separated, as they all vary from point to jx)int on the road, 
depending on soil, tratVic, grade, sixrcial topographic features, 
bndges, etc. 

The most experienced man available should do this part of the 
work. He should be thoroughly familiar with the rf)a({ from held 
inspection, and in designing he should follow the general principles 
laia down in Part I, in the chapters on (irades, Alignment, Sections, 
Pavements, and Reconstruction. For convenience the most-used 
data from these chapters are repeated at this point in tabular and 
diagrammatic form. 

Table 150 (p. 949), ma.Timum grades. 

Table 151 (p. 950), maximum curvature. 

Figure 30^^ (p. 951), ty[»ical grading sections. 

Table 152 (p. 9501, typical crowns. 

Figure 309 (p. 956), t>7)ical su|)erclcvati<>ns on curves. 

Table 152C (p. 958), typical jwivcment widths. 

Table 153 (p. 950), depths of tlcxibU: pavements. 

Table 154 (p. 960), depths of concrete foundations. 

Table 155 (p. 962), limiting gradients, different pavements. 

Table 156 (p. 963), special qualifications, different pavements. 
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Table 150.—Recommended Practice Maximum Grades 


Recommended Practice, Maximiim Grade Design. —From the | 
standpoints of horse traffic, single unit motor traffic or trucks with 
one trailer, safe footing, and economy of construction and main¬ 
tenance, the following recommended rates of maximum grades will 
give moderately g(X)d satisfaction. In unusual cases the possi¬ 
bility of the extensive use of long trailer trains would tend to reduce 
these recommended rates, but the author wishes to emfjhasize the 
o:>inion that very few roads need be designed at this time primarily 
{nr long trailer trains. The following rates are satisfactory for the 
i>rdinary motor equipment u.sed by the great majority of road users 
and additional ex|K*nditure would not Ik* warranted for the benefit 
nf a few’ men. For thr r^rct 0] danfrrous on ptuximum 

^- uit scr pagf 118 . For^\^€cl of grj^U on motor operation cost see 
j pKie.es I 2 and 96. | 

I .Uain Commrrrtai Roads Flat Countrv .—Lnna 2 q ruling grarles are 
! .’cMOktile hut do not nj^ofy much additional conaru'tion co>i. Any long i 
1 r I snK ijradi* up to 5 will nrol>abJy t'e Mitj^factory Short 6 arc not incoo- i 
' A lar^c volume jf hauling t»y trader trains might warrant reductions 

Ud'jw usual practi c provided the inlereats operating iuch haulage paid the 

r. i '■caacd co*t of i onsimctum. 

tfaia (‘ofn*ner<iai Roads i»i //i//v CoMfitry [Wrll-sritlrd Districis). —Long i 
j % niliog grade* a'*e dcMral-'e and juniify con^derahle expendjlure provridM j 
1 ‘. 'ifv do not incrert’^ the total tlislan.'c; 7 grades are pri)hably juvtified to I 
j prevent me rea*>e in distance for a filed rir.e. l^ng 6‘; grades are fairly 
!»,i:'sfactory Init a* a nilc if 5 % cannot be reasonably obtained it is just as 
I well to jump to 7 *^,. Short 7 or 8’1 grades are not mconsisient in connec- 
n with long 5 an<l oq grades provided the e’ement of safe team footing 
i. ' onsiderrd. 

J .Wiiia Roads, Rion^fr Dtstruis .—Long 5^* grades are very dcsarable pro- i 
'.'.led they do not intrease the total distance, particularly if the road is a I 

s. iUiral wtd road and consjd.crttMe horse iradic prevails. Any long grade * 

to 7 IS fairly satisfactory. Short 7 and gravlrs are not inciinsistent i 

i ept for trailer train*. (Irades higher than 7% are not. however, in much 1 
>r on account of danger and high ntaintrnance cost. j 

''idf A grtinilur,il R{>,ids or / Rtonerr Roads .—Any long grade i 
p to 7'"^ id satinfaciory. Short 10^ grailes are consistent m conn^tion 1 
ith ft 7 ruling provided the element of safe f<.Hnmg ;s considered. Gradet j 
’•.rr;>ef than . however, have a high inamtenanre cost, | 

: S rnn A’oud,!.—l. 4 >ng On grade* are convenient on account of preventing 1 

Ke-ir shifts; in*; is not unrea^^^nable for such road* except that on a t 0 '» 

' Krade. the alignment sh-'uld la: cady. see page is8. and th.c maintenance 
' >'St I* high. 

( ompemation of St/ep (iradt \.—('hi sharp curves maximum grades must be 
reduced (see page iiHh 


J 


Recommended Alignment Practice.—The following summao' 
aRrees witli general current practice and can often be used with 
"ut raising the ctisl beyond the Iwunds of reason. A summary 
^ f this nature is of course of only general value. Each ca.se must 
f>e worked out on its own merits. Broad gcncralixations of detail 
requirementa arc dangerous if used indiscriminately. 




950 


OFFICE DATA 


Table 151.—Recommended Augnmknt Practick 


Main Commercial Poods (IVdl-settled Districts). 

Mininyum sight distance. 300 to 400' 

Minimum radius of curvature at right-angle turns on level 
outside of villages where sight distance does not control . 250 to 400' 
Minimum radius of curv'ature on steep grades or at the fo'-t 
of such grades depending on the centra! angle whrrc the 

sight distance is not the controlling factor .600 to 800' 

OrJiiiory AgricuJiural A’oodi. {I-ocai ^ScrvtiC.) 

Minimum sight distance . 200 to 250' 

Minimum radius of curvature at right-angle turns on level 

outside of villages. loo in joo' 

Minimum radius of cur*.'aturc on steep grades where sight 

distance does not govern . 4‘>'' to ry**-.' 


i Mountain Roads. , 

No limitations on sight distance. ! 

Warning signs used where necessary. j 

Minimum radius on sleep grades. loo' ! 

I Minimum radius in extremely rough country -to ft. ('»ra n' t \r. I 

i 3 for a 40-ft. radius and not to exceed 4 for an Ko-ft radiu . .\nv'grade 

I up to S'**® on a 100-ft. radius, although it :s desirable n »t to exited ?•; c-n a 
loo-ft. radius curve with a large central angle. , 

XoTK,—’There is no more oh-ect in long jnrfect'v stra'ght tangents than ; 
[ there is in long uniform rates of grade. In a great man■■ la es sn.a" angles in i 

j long stretches of comiKirativcIy straight roa 1 are chmina'' ! *>v the .idoptson 

: of a long single tangent resulting in a n itn eab’e im rca-<• m >o.t an ! •.•ftrn ; 

j in the loss of retention of the existing s-nli-J r adlw'd. In a gr<a* n.any i.a"*ex | 
I the only value of such changes seems to l»e the p’.e.f'trr !<T!sr d I the office J 
[ engineer in laying his straightedge <n the p’an and 'I'a.wng a nue long ' 
straight line. 


Table 152-I.—Rikal 


HlGHWAV.S—T yI'ICAI- XoKUAr. PAVKMLSr 
(.'KOWN'S 


I'aralxjlic or Circu'ar arc suitable 


Kind of pavement 


Earth r^jads 
Sand-clay roads . 

Gravel roads. 

Single-track water-f<»und macadam. 
Double-track water-lx»und macadam 
Double-track bituminous macarlarn . 
Double-track Irtiuminous concrete 
Double-track cenumt concrete ... 

Double-track bnck. 

Double-track a.sphaJt blf>ck. . . . 
Double-track stotie bl«>ck. 


Average j Average 
maximum ; minimum 


j crown 

j .“'■'I’'. 

in^ hci 
! per b>ot 


Average 

recom¬ 

mended 

crown 


crown 

mT.; I 


‘ For the H'" crown uic a atraitht-l'ine crown 


r 

h' 

S 



S 


l-j 



H 



H 


S 


'r 

'-i 

1 

h$ 


1 



1 
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Pic. 308/3.—Double track macarlam roatln. Suitable for local 
service or secondary State Roadn carrying! fr<m 300 to 2000 vchi 
cle« per day (xi hour count in summer). 

Note.—Pot roads carrying over 1500 vehicles daily use 7 ft 
shoulder to permit parking off the pavement. 
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Pig. 308/1.—Double truck tuacailam roads. 
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L.::E 


. . 

- W 

T^p«cat S*<t-c«( S>>«'U>«»D‘K»») 


• '4^-'^ IZO‘f^h*0f Miy. 


r Cof^rt** t 


f>^Cr0mft 

'.Cn0»*>O>w0Z9i 


>r 


fv- 

C//yJ?r»r» 

^C»f*crf'^ Crtwrj mfr^r 
•J 


Jr , " . J'J,\y".' j 

*F ^ ^/7 ■*' • *1 m* y*fr f 

^k(P>c«l S'dj M.it Intw* ral» 

T\ PICAL M n M l' Nf DITCH SECTION ) Similar to F\k \ns f X(rpt that 
•’ WrA ivrTTrkS' I ^‘vcrjiJl Wj.lth fiirncn^w.nH 

” B 'XNKFlJ^^^ •’ ‘ 8'ft. Krcatrr than Kr. rn 


BANKKlJ *’ j iji pj^, 

ROC K KXCAVATICjN; Methyl of Paym*mt >iimj!ar *- Pi^ p,H \ rxt fuf 
that n'.no of the ^IkI R „ k pr .j., t alK.vr thr 
ixjtt<<m of the Favctufnt H.t ,<• 

NOTE. For thi« knr-^.i of Puvementi an ! D<-.inn <4 Puvrmmt Bav^ an<! 

Suriatm^ S#-e Volume 3 

Fic>. joSC. Si)ef ial Hff tif,ns ri^fifl pavement r«»a<l^ (roa.ls carry mu 
over 2000 vehtrlrs jM>r May). 
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s^’op* • POfnANOCfMrWTCO>i'PnFSMOUlt>tRS S''cpt^/ 4 f>*r^*’ 


I J ‘ I J- J 

i-t'-J'i* '4'o’ -•»■»'6 i« -. -Prtirf^/S':)\ofn't*tP»ytr>erf' 4* * 

\ iW ^4 P*-' rXXlT OiCPfTt SMV.DtP' A’j>‘^iCo>,-rc Wfvr^n^Cojrst 

\ ' 3'*'.'^’T'f'r.trr '>,fCcK>'sr'^r*C»r^ j p” ■ ..'’rr^ 

. 

i j , ^ \ ^ ' ^ ' C'< . .. 'r ' J 11 

KP^** •*« 4 'o - 'fi - t^r p''* i r V* rrrV ♦ *■ - •-»; i" -4'j"- ^ ^ VlC- 

'■‘*X'vD€P!JkKDAy>nAi:tCs: = lU S^^fACt 

‘■'v Jqp^ "4 ;V'4;''V 0 “‘."rYAir.»- Shp«ptr ^y-:<f 


I 7 ' I « 


A (J ■ ^ ^ F'rtit^j / V - »^4 <7 •7* • ¥ t? ■ n-v 

f'.-it'T ) (-^p) (mtf)) 

f»o«:v AND ct w».M ccNCt'LTf. :•[ ir’o:' c-oy 


^H) 

lllnll,tir'.BbJX^’';?^^^^ 

HAiT IVAN roa »AtV* WI HI nvr M*i r OP MB Pf w»t)»u»«r Wl 

.,.^,. 1 ,,/^ /V'*Wr«r^N^^WrrV .^;dpe 


i , „1 ^ i . ^**c> 

K'i£?*r» ViJ* -•f «’''<!^ •t* fyiittn* •'<■ ' ^>•%-rV^W-r*r'*^ —•*'• 

(>HMjl /r»- 7 T y 

jofi/>. Rrcnnntruction sections, state of California igi 6 . 
\Vi(ienin|i and thickeninji oM state roads. 

Note.- “Sec Chapter VI 11 for diw'ussion of reconstruction dcsiRn. 
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Parabolic Crowna for Pavements.—It is often convenient to have 
the following data on parabolic crown ordinates in mAlring templets 
for pavement work. 

Divide the distance from the center of the road to the curb or 
edging into ten equal parts and call the total crown i.o; the dis¬ 
tance down to the surface of the pavement from the crown elevation 
at each of these ten points expressed in terms of the total crown will 
be 



Parabolic crown ordinates. 


Center of road, point No. o. o.oo 

1 . . . o.ox 

2 . 0.04 

3 ... . . o 09 

4 .0.16 

5 .o 25 

6 . 0.36 

7 .0.49 

8 .o. 6.| 

9 . .o 81 

Curb fx>int 10. 1 00 

For area Parabolic Segments see page 1576. 



Pig. 309**~Oraph of theoretical and practical bank slopes on curvea. 
Note.—P ot diacuasion of aupcrclevation ace page 124. 
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Table 1S2B . —Street Crowns 



2 Ds^K-nWtMmnfthaV' fa6».'itIw71*r*f«rV 

fbt'ntCea^. mtju. ^£-0. ^ -. 


_ ick 

jLrr^fh . 4 ' WHfh •jy Depth •V 
>j$h>on»r Cement <5ond-t erntteddry 
Mrout ttlkrlfrl "Sand(mUtt BUt tn tt ui 
} Width offhaA ^ tfraamm ' Lteh^t 



Wood biocn ^ 



^ « _ ..^ftarwA ^ 



Shee^- Asphott ^ 

Wearir^ Surface •t* 
dtnderCoarse */* 

^-.r« Block . 

I, ^.--..t\lO’tf,^n-*'ht‘Dtplhs%!t , - J. 

E«rlh 6radin9 

O^odofCurb 

fJite.WithoponbdUoinh. O'W CHAVn 
^HeAlmthmC*^GewitiorDrohn<Skem 
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Table x52C.—Normal Pavement Widths (in Feet) 


Class of road 

Rigid pavements 

Macadam or gravel 

Pavement 

proper 

Out-to-out 

width 

armored 

shoulders 

: Cut-to-out 
Pavement width 

proiH*r armored 

shoulders 

Class I‘. 

Class II. 

Class III 

Class IV 

18-20 

17-18 

lO 

22-24 

20-22 

16 

18-20 22-24 

20-22 

12 lO j 16 

8-12 ; ; 


* For traffic of over 6.000 daily (lo-hour count in «iu:nmer) in rtMsr pave-’ 
racnt width to 27 or 36', sec page 28 fur capacity 3 and 4 lane iKivenient>i. 1 


Class I Traffic (Sharp Curves) 


Radius of road | 

center line m feet | 

j Total ivivemcnt 

j width in feet 

Length tangent 
run-o(T in feet 

1 

100 


100 

150 


00 

200 

23 

f>o 

300 

22 

80 

400 


80 

500 

21 

70 

600 

21 

70 


Note.—N ormal pavement widthn of 18 to 20' used on all curves having! 
!a radius greater than 1000'. i 


Class II and III Traffic (Sharp Curves) 


Radius of road 
center line, in feet 

Total pavement wiflth 
on curves for a double- 
track road (local 
service) in feet 

Ix’ngth tangent 
run-oflf m feet 

SO 

29 

100 

75 

25 

100 

100 

23 

100 

150 

22 

90 

200 

2J 

QO 

300 

20 

80 

400 

20 

80 

500 

19 

70 

600 


50 


Note.^—N ormal pavement width (15 to 18') used on all curve* having a 
radiuii greater than 800'. _ 
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< 3 ^ 


NOTE .* Length of fan^cn A 
runoff iit crpprainmaH:l^ 

20 x. A4// tionol Wtdf^h m f^cf 


Fir,, ^^lo.—(Table 152 C.) 


Tablf. 15 ^ - RrcoMMF.NDKn Total Dkptiis of Flkxfblk Pavk- 

MKNTS IN Lo('\IITirS SUBJLCT TO SeVKRK WiNTKRS (iS 


[(Cla » I traliic iiivir :^co vchicU-i ilailv, to hr. count in summer;] 
(M. m:u a<iam not uMially econoniical on Class I roads) 



1 

.o( ation of road 


Soil 

In cuts or on 

(>n inter- ! 



shallow fills 

mediate tills 

On high fills 


less than 1' 
tlcep ! 

I to 3' deep 1 

over 3' deep 

Coar'-.o 'an ! an<l fine gravel 

(>-lO 

Q-IO 

<2 

I^>a rn s 

10-14 

10~I 2 

10 

I^)r<lmary cla', s 

15-JI 

1 2- 

11 ( 

Heavy clays an'l line santls 

J-1-30 

14-18 

_ 1 

Class II trafik (Soo to jooo vehicles<laily, lo-hr. count in summer 

San^l arvl Kravt-l . 

8- 0 

8- 9 

8 

D>arns 

Q-I J 

9-11 

9 

()r<ljnarv t ’avs 

12-lS 

11-15 

10 

Hcavv clays anil (.nc ■anil.'i 

IS--’8 

13-1^ 

13 

Class in IralTic (.^oo to Hoo vehicles daily, lo-hr count in suinmer)| 

Sand and gravel. 

7- 8 

7- 8 

7 

I-roam* . 

8-10 

8- 9 

8 

Ordmarv clays 

1 3 ~ 1 

0-14 

9 

Heavy clays and fine sands 

18-24 

12-15 

11 

Class 1\* tralTic (less than ^oo vehicles daily) 

Sand and gravel. 

6- 7 

7 


Learnt. 

7- 0 

7- 8 

7 

Ordinary cUyt. 

10-15 

8-13 

8 

1 Hoavy cUyi and fine tandtj 15-33 

10-14 

1 ^ 









154-—Comparison of Recommended Theoretical Depths of Cement-concrete Bases for 
PERENT Pavements under Different Maximum Loads on Different Soils (in Inches) 
—The Uat column gives prevailing practice in base depth for each type (1919 to 1922)._ 
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[IfoDolithtc brick 4 -m< bnck on 










to 3<in. asphaltic concrtte on 
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Table 155^.—Limiting Grades for Difierent Types ok 
Pavement 


r 


(Taken from Agg’s “Roads and Pavements") 


Surface Material Per Cent 

Wood block. 3 

Asphalt block 6 

Bnck lo 

Sheet asphalt . . 5 

Asphaltic concrete . . 7 

Bituminous maca la*:: e-iai' 8 

Bituminous mneadarn uio ral coat' lo 

Cement concrete^ 8 

Hillside briL k . 12 

Stone brick 12 


1 


T vuLE i55/>. 


Surface Material Per Tent 

Wooden b!o«':k .... 3 

Asphalt block 4 

Brick (vrr'jut jf-int. ) S 

Bnck (ma'.tic j./ints' 8 

Concreted . . . . . 5 t > 7 

Bituminous macadam with r‘u->h < r -.quM c>>a*. S 

(In sandy cuuntry, 6‘c when outm- !>.in I is sprinkled 
on suriace.) 

Bituminous tnacad.im without 8 

Waterbound macadam 8 

“ Hillside " bnck . 12 

Stone block wuth ojxm vunts 13 


! 

! 

i 


‘ Hard to construct on grades over $ 1 . 


Recommended Pavement Types. liituminous maradams arc 
recommended for C.la>s II Iratlic and resident village streets. 

\Vater-lx)und macailam (oiled) f<^r (Mass IH tradic. 

Concrete for Class I ouDide of villages. 

Brick, for village iiusiness streets. 

Stone block for hills on Cla.ss I tradio. 

Asphalt block, for extremely heavy Clas.s I tradic. 

Sheet .\sphalt, Tojn ka, etc., are lo be avoided for original 
construction where tradu: travels at higli sjK*efi on account of skid¬ 
ding but its use for reconstruction ha.s decided advantages from an 
economic 8tandf>oint and the use of coarse aggregate “l'orH.*ka or 
“Amiesitc" rcducc-s danger of skidding. Its most suitable location 
is a resident village or city street or for heavy slow tratlic. 

Templets. —1 or the convenience of the designer in drawing the 
ihap>e of the finished road on the cross-sections, a number of trans- 



Pic, 311,—Transparent templet for use on cro!»-«cction« giving 
finished shape of road. 










KCONOMIC GRADE LINE 
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parent comfxjsition templets arc made, cut to proper scale, repre¬ 
senting the difTerent-shaped sections to be used (see Figs. 311 and 



Fn,. 312 . 


TraiisiKirent lempU^t wiih stone trench cut; saves time 
in (Jrawing in sections fur liyuring cut and fill. 

i'ndu fating Orad^f Proper Uit Sa\m Luaverrion and Is 
‘ at the Some Time an easy 

P. Jrg Profi.'e. 


sSk) 


--^* 7 **^**"""^’‘^renghr '^de, on.neces\jryMt^nt(k^^a>^^ ~ | 

' “m- \X —A iV l 7 k i 9 « 


. Hump of this Kind must ba 

DfsreganM 


, hrjde ^pper Us 


H. 


Illystrating Proper Uie of 
Stroight and Undu^oting Gnodr^ 

Fu;. 313, 

Economical Grade Line (New Construction^ On page 106, the 
most economical gra<ling conditions wert' mentioned. A conven¬ 
ient method of laying a grade line that will approximate these condi¬ 
tions is as follows: Take the case of ilt termining an ('conomical 
profile for a road from Stas. 11 to i(), where the grade can be placed 





Fk;. 313/I.- Actual profile ma.l 50.^6 New Yi^rk State, illustrating 
maximum abut ness in short roll which is satisfactory for traffic. 


at any desired elevation (sec p, Q64V Place the adopted templet 
on each cross-section so that the cut will just make the nil (this posi¬ 
tion is estimated) and note the elevation of the center line ot the 
proposed finished road for this position of the templet; mark this 
elevation on the profile for each section between Stas, ti and 16; 
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2 e 

^“1 

.y o 

i ^ 


. c U 

'.2 't 


d d 
^ — 


w "3 


to connect these points would give the most economical grade line, 
but this can rarely be done with a resulting smooth profile. The 

adopted grade is obtained by 
drawing in a smooth grade line 
that averages the elevation of 
these iK)ints and varies in eleva¬ 
tion abme and below them as 
little as jxKssible. 

The adopted grade elevation at 
each station is then figured, the 
shape of the finished road drawn 
to the cross-sections at these ele¬ 
vations, and the e.^cavation and 
embankment computed. If the 
ratio of cut to fill is not correct, the 
grade is raised or lowered slightly 
to produce the desired ratio. The 
method is illustrated in 1 ig. 314. 

For each stretch of road where 
economy of grading governs the 
profile, this procedure is ret>catcd, 
and for the sections of road where 
other considerations govern, the 
grade is placed at the required 
elevation and the Iwrrow, waste, 
or (►verbal!I is figured. 

Grade‘line Reconstruction De¬ 
signs.—'Fhc grade line for recon¬ 
struction of old improved roads 
follows the old grade line very 
closely for most cases and the ele¬ 
vation of the new pavement is 
adjusted to utilize to best advan¬ 
tage the old pavement as a founda¬ 
tion; that is, the earthwork of the 
shoulders and ditches docs not 
govern the grade line as in new 
construction and no effort is made 
to balance cuts and fills. Excess 
excavation is wasted or over¬ 
hauled and excess fill Ls cared for 
by lx)iTow-r>it excavation. For 
good tyiiical reconstruction sec¬ 
tions and relative grade of old and 
new pavements sec Chap. VI 11 , 
Part I, Reconstruction. 

Vertical Curvea.—To obtain a 
smooth grade line, vertical curves 
are used at the intersection of the 
tangent rates of grade. Vertical 
curvet are not usually used where the difference in gradient is less 
than one-half of i Vertical curves should be made as long as 
(*txi continued on page 966.) 
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Table 157* Recommendei> Minimum Lengths of Vertical 
Curves between Tangent Grades 


Algebraic difference 
in rates of tangent 
grade.s, % 

Minimum Icngtli of 
vertical curves on local 
service roads, feet 

Minimum length of 
vertical curves on special 
service commercial 
roads, feet 

5 or less 

100 

100-150 

8 

*50 

200 

10 

200 

300 

12 

2.50 

400 

'A 

VT_ T\ A I # 

270 

450 

300 



100' ienKih hn cath 4‘f diiTcrcnct- n\ j'.ra hents in hollows. 
IJS lenity) fur each 4% dilTcrcnre in ■» "♦ 

That is. if iwo asccn.ling 6‘i grades are lo ’ 

length vertical curve this rule would result in 
vertical curve. 


4 % 


nected with a minimum- 
X xas' - 375 'length of 



rr length of vertical curves for different sight distances 

U. 8. Bureau Public Roads Staiuiard. (Based on line of sight 5 ft, 
above ground at both ends and langenl to road surface at middle.) 



966 


OFFICE DATA 


possible without needlessly increasing the grading; that is, for all 
normal cases they should follow the natural surface closely. Table 
157 gives minimum lengths of vertical curves satisfactory from the 
standp<^>ints of sight distance and easy-riding qualities. 

For the tinal plans these vertical-curve elevations may be com¬ 
puted by the following formulas, but for the trial grade line they 
can be scalcni from the prohle, drawing in the curve by means of a 
regular cur\'c templet, with which all modern otVices are ecjuipi^R'd, 
and in all ordinary cases this gnij)hic method serves for the linal 
grade line, as with reasonable care the elevations arc closer than 
can be constructed. 

Vertical -curve Formulas. Formula A.—DilTerencc in elevation 
at center of curve, d expressed in feet -- ) algebraic diiference 
of the tangent grades e\pre>sed in feet per 100 X length of curve 
c.xpressed in stations of 100'. 


tnitrsectiorf of 
Tat 





Lin^fh of Curve 
Flo 51 ^=1 1 


Difference m tievafton 
of V. C. and Tangent InfOfiecttm 








I ormiihi IF Internieciiute diff<Tent<‘s of elevations l^elween 
tangent grades and {x)ints on vertical curxe. 

dn 


d' - 


1210.1 


Sfta iO 


' 

- 200 

/ 



lltOO 
Fic;. 315C. 


li^SO 


IZfOO 


Exam^e of Vertical-curve Computation .—It is required to figure 
the vertical-curve elevations for a vertical curve 200^ l^tig between 
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tangent grades of +2.0 and —3.0% meeting at Sta. 11 -f 00 at an 
elevation of 1210.3. 

First, find the middle correction d. Use Formula A. 
d = - (-3-0)) X (2) 

Second, determine the corrections di and dt. Use Formula B. 


t/i 

dt 


dt'^ 

1-25 


50* 

, = 1.25 

^ lOO* 


0.31 



0.31' 


Third, determine the elevation of the tangent grades at 10 -}- 50 
and II -f“ 50. 

Fourth, subtract tlie vertical-curve corrections t/i, d, and dj from 
thes‘* tangent grades at 10 f 50, 11 T 00, and 11 -f 50. 


\T:KTICA I.-Cl RVK K Lt\’ATIUN'S 

Sta. 10 -f 50 “ tangent elevation 1209.3 “ o-3i = 1208.99 

Sta. 11 -f 00 = tangent elevation 1210.3 — 1.25 = 120Q.05 

Sta. 11 -f 50 = tangent elevation 1208.8 — 0.31 = 1208.49 

Table 15S is useful for draftsmen for picking out the correct 

curve to use in inking in the vertical curves. This table is com¬ 
piled for a horizontal scale of T' == 50', and a vortical scale of 1" = 
10'. For other scales a similar table c.an be constructed. 

Explanation of Table i58.“Supjx)se it is required to pick out 
the correct curve templet to draw in a vertical cur\T 300' long 
between two tangent grades having an algebraic difference of 5% 
(say a -f 2.0 and a — 3.0^0 graded On the line opposite 5.0 in 
column 1 representing the algebraic difference of rate pick out the 
value 24 in the column headed 300' curve; this means that a curve 
having a radius of 24" N\ill fit the conditions. This curv'c can be 
found easily from the collection of curve templets which have been 
previously marked with their radii in inches. 
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Table 158.—Table oe Radii for Plotting Vertical Curves 
ON Profiles 


Al^braic 

Diff. 

xoc/ Curve 
Rad. 

1 

300' Curv-e ' 
Rad. 

Curve 

Rad. 

aoo' Curve 
Rad. 

I.O 

40 

80 1 

120 

160 

1.2 

33 

67 ; 

100 

132 

1.4 

-’9 

57 

10 

CO 

lit 

1.6 

25 

50 i 

75 

100 

i.S 

22 

"" ! 

^5 

88 

2.0 

20 

40 ! 

Oo 

80 

2.2 

18 

3 ^> 

55 

72 

2.4 

lOi 

33 

50 

66 

2.6 


30 

46 

62 

2.3 

Mi 

29 I 

43 

58 

30 

>3} 

27 

40 

54 

3 -? 

1.4 

’5 

37 

50 

34 

12 

-’3 

35 

48 

3-6 

11 

1 

33 

44 

38 

loj , 

21 

. 

32 

42 

4.0 

10 

20 ! 

3 ^ 

40 

4.5 

0 : 

18 i 

27 

36 

5-0 

S 

16 

24 

32 

5-5 

7 i 

Mi ! 

22 

28 

6.0 

6} 

i 3 i ' 

20 

26 

70 

6 

11} 

17 

24 

S.O ! 

S 

10 1 

i() 

20 

9.0 

45 

1 9 

I 3 i 

18 

lO.O 

4 

1 ^ ! 

12 

i 

I 1.0 

3} 

7 I 

I I 

i 

! X 4 " 

12.0 

3 J i 

I M 

10 

1 X 3 ' 

13.0 

3 i 

! (1 

0 

! 

14.0 

3 

1 5 i 


1 ” 


Note .—See page 967 for explanation of this table. 
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Table 159.—Required Minimum Length of Vertical Curves 
roR A Specified Sight Distance Based on a Line op 
Sight 5' 6'' above the Ground at Both Ends 


Algebraic difference in 
rates of grade per cent 

Minimum length of 
vertical curve in feet 
for ft sight distance of 
250' 

Minimum length of 
vertical curve in feet 
for a sight distance of 
350'. in feet 

6 

8 


150 

10 

SO 

250 

la 

135 

330 


190 

400 

16 

22 $ 

450 


The limit of sight due to vertical curves is shown in Table 159. 

Table 159 gives the distance ahead that a driver can see on a 
straight road, assuming that his eye is 5' 06'' above the road, for 
vertical curves of ioo, 150, and 100' long between grades having 
a large difference of rate. Sec also diagram (p. 965) for length of 
curve rcciuired, assuming driver’s eye 5' above the rojid. 

Example .—Suppose a -fsTo grade meets a —7% grade and 
that it is desired to put in the minimum length curv'c that will allow 
a sight ahead of 350'. The difference in gradient is 5 4 “ 7 =* 12%. 
From Table 159, opposite 12%, the length required can be readily 
picked; it will be about ^30', and 350^ w'ould probably be used. 
It is rare that the sight distance governs in the selection of length 
of curve except for overhead railroad elimination projects, 
also Table 157, page 965. 

Placing the Templets and Planimetering the Areas. —After the 
trial grade line has been placed the center-line elevations of the 
proposed finished road arc figured for each point on the profile 
where cross-scctions have been taken, and the section selected is 
drawn on the original cross-scctions at these elevations, using the 
templets mentioned on page 962. 

Because it is comparatively easy to make a mistake of i or 5' in 
elevation, the elevation of new grade, as shown by the position 
of the templet, should he checked from the profile before computing 
the cuts and fills. 

B^ausc of the small, irre^ilar shape of these areas it is not 
possible to compute them arithmetically and the areas arc deter¬ 
mined bv nlanimctcrs. Great care must be exercised if the work is 
to be rcliaDlc; a double run is made and the second run should be 
twice the first area. A certain limit of error in the second area is 
adopted.* This method is sufficiently accurate for preliminary 
estimating. On final estimate work, where the payment for earth 
excavation depends on the planimetcr work, a satisfactory method 
is to have two men, using separate planimeters, compute the areas 
indq)endently without any knowledge of each other’s result. If the 

* A MtUfactory rulo Hat hoea to allow a differenca of 0.4 SQ. ft. for areas 
'«p to so sq. ft., and i.o-aq. ft. error alwve so aq ft. 
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amount of excavation as Bgured separately varies more than 2%, a 
third run is made. 

It is difficult to get accurate planimeter results because the work 
is monotonous^ confining, and hard on the eyes, and the men tend 
to be careless unless they know that their work is being checked. 

The temptation is strong to make the second reading equal twice 
the first, and unless some such method is used to check up, small 
errors wnll be passed over. 

.\s a matter of interest, 3 miles of planimeter work, checked in 
this matter, was examined to see the average difTerence in areas 
where two careful men using different planimeters computed their 
results separately. 

The sections used were plotted i” — 5'; areas read to nearest o.i 
sq. ft. 

The average percentage of difference for single areas was: 

Per Cent of 
Difference 

1. Small areas below 10 sq. ft . 5 

2. Small areas 10-30 sq. ft.. . . 3 

3. .\reas above 30 sq. ft. i 

These differences for single areas compensate, however, as some 
are above and some below the mean value, and computing the two 
separate results for the 3 miles gave the following result: 

Percentage differences for work of two men for 3 miles, showing 
the reduction of error due to comiKrnsation: 

Per Cent of 
Difference 

1. Small areas below 10 s^j. ft . 10 

2. Small area.s 10-30 s<i. ft.. 0.5 

3. .Areas alK)Vc 30 s<^|. it .0 05 

The average excavation per mile will run aljout 3000 cu. yd., 
which means the average area of cut is alx)ut 16 wp ft. 

This comes under the second divi.sion and makes the probable 
error of final estimate planimeter work sufficiently close for all 
practical purposes. 

Areas by Meastuing the Depth of Cut or Fill at Intervals of 
1' across the Section. —It is often necessary ff>r the field men to 
make a change in grade or alignment, and the following method 
of estimating section areas is convenient when no planimeter is 
available. Tlie method is illustrated in the figures shown below: 

Measure the derith of the cutting on vertical i. C.'all this 
depth i'. It can iki readily seen that this depth is th<- average 
depth for the first foot of the cross-section, and if multiplied by 1' 
equals the area of the first foot of the section. In like mannei 
measure the depth of the section on vertical 3. This is the average 
depth of the second foot of the section, and multiplied by equals 
the area of the second foot of the section. If the sum of the depths 
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3^ is obtained for the entire width of the section, it is 
evident that the sum must equal the area of the section. 

This summation can readily be made graphically, as shown 
below, by marking off on the edge of a piece of paper the successive 
depths. 



Scale the distance from the reference mark to the end mark, using 
the same scale by which the cross-section is plotted and the area of 
the section is obtained. This method is as reliable as planimetcr 
work, but is necessarily slower. 


I'a'.y 4‘,5’.e',7'5',s* 


,55* 

U ' V ' ' U ' '_ e _'J 


— ^ - 

tnd 

hhrh 


h4ar* 


Strtp off^p<r 


Fig. 317. 

Computation of Earthwork.—Earthwork is usually computed 
from the planimeter results by the method of end areas; where 50' 
sections arc used Table 160 is convenient. 

Explanation oif Table 160. —Suppose the area of excavation at, 
say, Sta. 23 4 - 00 is 30.6 sq. ft.; suppose the excavation area at 
Sta. 22 -f* 50 is 20.1 sq. ft. To get the number of cubic feet of 
excavation from Stas. 22-foo to 22-}-50 add 30.6 -f 20.1 -* 
50.7. In Table 160 an area of 50.7 gives an excavation quantity 
of 1267.5 cu. ft. Where the normal cross-section interval is 50' 
this table is a great time saver. 

Table 161 is convenient in changing cubic feet to cubic yards. 

Table 162 is convenient for preliminary estimates, as it gives the 
cubic yards directly for the sum of the end areas in square feet. 
It, however, is not Ggured exactly and is not suitable for hnal 
estimate work. 
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Tablk i6o.—Volume of 50' Sections in Cubic Feet for Sum 
OF End Areas 

COMPIL&D BY J. B. BUBBB. ASSISTANT BNCrNBBR, BUFFALO, N. T. 



Notil-—F or Tolnmos Uurfffar than thorn gjvon, use ftgures in the teble. moring 
tfedmel point one piece to the right end add proporUonal part. 





























































EARTHWORK QUANTITIES 973 

Table 160.—Volume of 50' Sections in Cubic Feet for Sum 
OP End AreA fi.—Continued 

COMPILBO BY J. U. BUBBR, ASSISTANT BNGINEKR, BUFFALO, M. T. 
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Table i6i —Continued 
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Table i6i —Continued 
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Table i6i’--~C<nUinued 


Feet 

: Yds. ;| 

Feet 


X20t ' 

77 

54 

2 

33.804 

81 

3 ■! 

31 

3».5 o 8 

4 1 

53 

35 

S ! 

85 

6j 

6 'i 

33.9*2 

89 


30 

32,616 

60 

43 

9 1 

Oi ! 

70 

X2IO 

34.020 1 

97 

' * i 

47 1 

32.724 

2 ‘ 

74 ! 

5X 

3 

34.101 j 

78 

4 

28 i 

3230s 

5 

55 ' 

32 

6 

; 

S9 

7 ' 

( 34.20.> 1 

86 

8 j 

i i 

32^13 

9 ^1 

1 6i 1 

40 

1220 

! ^ i 

67 

1 

34,3*7 f 

04 

2 

44 i 

33.021 

3 

7* 

48 ! 

4 

q8 

7S 

5 

34U2S ; 

1 

33.X03 

6 

52 

29 

7 

1 79 

56 

8 ' 

i 34.506 

83 

0 

1 35 

33,210 

12.50 

60 


36.4so-37.S00 


0 

34.732 

7 

^9 

8 

76 


34.805 

1240 1 

30 

X 

V 

3 

«4 

3 

34 .QXX 
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Tabl£ 163.—New York State Depaeticent of Highways 
Earthwork Computation Tables 
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Table i6a .—Continued 
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Table 162 .—Conlinued 
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Table 162 .—Continutd 
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Table 162 .—Continued 
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Table i6a.— C<mUnu€d 
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Table 162 .—Continued 
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Table 162,—Continued 
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Table 162 .—Conlinued 
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Table 162,—Continued 
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Shrinkage of Earthwork. —No mention has been made of the 
shrinkage of earth cut when placed in fill. This is an important 
factor of an economical grading design. 

Trautwine states that for railroad work it takes i.o8 cu. yd. of 
gravel or sand excavation, i.io cu. yd. of clay excavation, 1.12 cu. 
yd. of loam excavation, and 1.15 cu. yd. of vegetable surface soil 
excavation to make i cu. yd. of embankment. 

The quantities 1.08 cu. yd. of gravel, etc., refer to the volume 
occupied by the material before removal. 

Trautwine also states that in loosening earth and loading into 
wagons or cars i cu. yd. of earth swells about one-fifth and measures 
loose practically 1.2 cu. yd. 

These values, however, cannot be used in road work, as a certain 
percentage of the excavation is sod or vegetable matter that is not 
suitable for embankment and must be w'astcd. 

This waste material raises the percentage of cut necessary to 
make the fill. 

The correct ratio for road work has been a source of contention 
among engineers, and it is believed that the use of too high a value 
has resulted in needless w'aste of thousands of dollars during the 
last 5 years in New York State alone. 

Under this head it may be stated that on several roads under 
the supervision of W. G. Ilargcr a careful study of this point was 
made, unusual care being taken with the original and final cross- 
sections, the plotting, ana planimeter work, and it w'as found that 
for the cases investigated the ratio of cut to fill varied from 1.15 
in heavy cuts to 1.27 in light skimming w^ork. 

It is the general opinion among engineers of Division 4, New 
York State Department of Highways, that the percentage formerly 
used (namely 1.35) is too high. In nearly all cases where the work 
was at all heavy a large excess of dirt had to be wasted. There 
have been some roads designed on a basis of 1.35 where more dirt 
was needed, but in the authors' opinions this was due to discrep¬ 
ancies in the field or office work or by allowing the contractor to 
use the roadbed excavation for filler or concrete material. If 
the soil encountered is suitable for such purposes, it is plainly up 
to the contractor to furnish other material for the places excavated. 

The authors believe that the following ratios will be satisfactory 
for ordinary cases; Earth excav'ation where sod is rejected for fill. 


Table 164 


Cubic 

Yards 

per 

Station 

Light skimming work, large amount of heavy sod 50 

Light skimming work, considerable sod. ^ 

Light skimming vrork, not much sod. 60 

Medium work. 100 

Heavy work. 130-200 


Ratio 
Exca¬ 
vation 
to Com¬ 
pacted 
FiU 
I 35 
» 30 
I 25 
1.20 
IIS 
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Trautwinc’s earth ratios are correct where earth borrow is 
obtained from a pit. 

Trautwine states that i.o cu. yd. of solid rock, when broken up, 
will make 1.66 to 1.75 cu. yd. of rock fill. 

In this statement he assumes that the fill is made of stone alone 
and that the voids are not filled. In most road work, the small 
quantities of rock encountered are dumpetl in with the earth as 
embankment, and as the voids are all fille<l with earth it is evident 
that I cu. yd. of rock will make only i cu. yd. of fill; however, if 
a large unmixed stone fill is made, his ratio holds. 

In shale rock excavation, i cu. yd. will make from i to 1.2 cu. yd. 
of compacted fill, depending on its hardness and how it is excavated, 
that is, whether it comes out in large blocks or is considerably 
pulverized. 

The discussion of these ratios has been carried out to some lengtlj 
because it is believed that they illustrate the advantage of careful 
en^neering. Several of the Xcw Vork State plans, the cost of 
w-hich has ranged from $100 to $200 per mile, have been rc\ i.«ed 
with this end in view, the revision costing an additional $15 to $30 
per mile, with a resultant saving in construction cost of from $400 
to $rooo per milc.^ 

The use of a rolling grade was recommended in the chapter on 
Grades. The designer is cautioned, however, not to carry this to 
extremes, as there are many short, small hummocks which must be 
disregarded if a reasonably good profile is to be obtained. I-igure 
313 fp. 963) indicates a proper and improper use of an undulating 
grade. 

Figure 313^4 illustrates the actual profile on Road 5046 New York 
State for a short, sharp roll which has proved entirely satisfactory 
for traffic but which is about the limit ol permissible abruptness. 

Overhaul.—If dirt must be hauled more than a slated distance 
(free haul) to place it in fill, the additional distance over the 
free haul length is called overhaul and is paid for at an agreed price. 
The amount of overhaul is usually estimated as Sta. yd., meaning 
the number of cubic yards of excavation that have to be overhauled 
multiplied by the length of the overhaul expressed in stations of 
100' each; that is, if 20 cu. yd. of excavation have to be hauled 
1500' (rs stations) to place in fill and the free haul is stipulated 
as 1000', overhaul would be computed as 

20 cu, yd. X (15 Sta, — 10 Sta.) *= 100 sta. yd. 

If the cut from which the dirt is excavated is short and well 
defined and the fill likewise well defined the overhaul can be 
figured with reasonable accuracy by taking the distance from the 
center of j^avity of the cut to the center of gravity of the fill which 
can be easily located by inspection. If, however, the cuts and fills 
are not well defined and the cut from two or three locations is 
hauled to a number of fills it is necessary to adopt a standard 
method of computing haul. Also, due to the methods of making 
fills it is generally impossible to determine exactly the distance 
actually hauled by the contractor and the usual basis of measuHng 

> 1912 tcalc of costs. 
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overhaul is the mass-diagram method, which assumes that each yard 
of earth is hauled the minimum theoretical distance to place it in 
the mi. 

Mass Diagr^.—The mass diagram merely represents graphi¬ 
cally the location and amount of each cut and its direction and 
length of haul to place it in fill. Vertical ordinates on the diagram 
represent cut or till, cut being plotted upward and fill downward. 
Fills must be converted into equivalent excavation before being 
plotted. Distance is represented by the horizontal dimensions. 

The steps in determining overhaul from mass diagrams are as 
follows: 

1. Compute total excavation and embankment for the roadway 
and all borrow pits. 

2. Determine ratio between total excavation and total embank¬ 
ment. 

3. Convert embankment into equivalent excavation, using 
ratio just determined. 

4. Compile mass-diagram tabulation station by station for both 
roadway and borrow pits 

5. Plot ma.<s diagram. 

6. Divide mass diagram into a series of sections where cut 
balances fill. 

7. Eliminate free haul from each of these balances. 

8. Compute overhaul from remaining area of diagram. 

Figures 318, 310, and 320 illustrate three typical cases and 

are explained as follows. 

Case /. Earth from a Well-defined Borrow Pit. the Center of Which 
Is Located by Inspection at Sta. o, Is VseJ in Makinf^ a Fill Extending 
from Stas, o to 10. Free Haul Specified as 500'.—The first step is to 
compute from the cross-sections the total e.xcavation in the borrow 
pit and the fill (juantities station by station. This is shown in col¬ 
umns I to 4, Table 165, to be 1520-cu. yd. excavation and 1384 
cu. yd. fill in place. The ratio of cut to fill, for example, in question 
is i.io. The embankment quantities must next oc changed to 
equivalent excavation, as the overhaul is figured in terms of excava¬ 
tion yardage. This is done by multiplying each embankment quan¬ 
tity in column 4 by the factor i.io and recording the results in 
column 5. If correctly done the total of column 5 should equal the 
total of column 3, although, due to the factor ratio not being e.xact, a 
slight difference not totaling over 1% is of no practical consequence. 
The next step is to fill in columns 6 and 7, wfiich re[)rescnt the net 
excess of excavation or fill for each station figured and are the 
differences between columns 3 and 5. This net excess represent 
the quantity of material that must be moved by haulage. For this 
case with simple cuts and fills the totals of columns 6 and 7 should 
agree and be the same as for columns 3 and 5. The next step is to 
compute the algebraic total to each station as shown in column 8, 
considering excess excavation, column 6, as a plus quantity and 
excess embankment, column 7, as a minus quantity. The last 
quantity in column 8 should be zero, although a variation of less than 
I % of the total is allowable—in this particular tabulation one-fifth 

of 1% 
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Ratio cut to fill, i.io. 
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The mass diagram is plotted from the data in column 8, using any 
convenient scale (see Fig. 318). It can be readily seen that the 
area A TBCDEFSA represents the total yardage excavated multi> 
plied by the distance each yard is hauled or the total station yards 
nauled, as a yard of dirt at i 4 is not hauled at all. 
A yard at 5 is hauled to T, a yard at F to B, and a yard at E to 
C, etc., the sum of which strips equals the total area. To get the 
overhaul, take out the free haul of 500' (vertical line at Sta. 5) and 
the overhaul is the area BCD. This ana is 2.34 sq. in. and the 
overhaul for the scales used (1000 sta. yds. per sq.’inch) is 2.34 sq. 
in. X 1000 « 2340 sta. yd. 



■■■ ■ ' ■■ Horiiop-hxt Sca/e = 200’fi. Haut 

I ScaU • SOOcu.yds. ExcavaMi 

One Square • lOOQshi.yds. Hau! 

Fig. 318. —Mass diagram, Case I. 

Scales 1" — 500 cu. yd. excavated, vertical 
r' • aoo' haul, horisontal 
I sq. in. -> xooo sta. yd. haul 

Care //. Road in Part Cut Well Defined and Part Fill Jor Some of 
the Distance^ Full Cut and Full Fill for Other Sections and a Well- 
defined Borrow Pii^ the Center of Gravity of Which Is 500' off the Mid¬ 
dle of the Road. Free Haul 400'.—Procedure is the same in the matter 
of tabulation of quantities as Case I (see Table 166). The mass 
diagram is shown in P'ig. 319 and is explained as follows; Two 
diagrams must be used on account of dead haul from the borrow pit. 
The cut from Stas, o to 2 makes the fill from Stas. 2 to 3 to where 
the fill line cuts the datum line at C. As the distance A C is less than 
400' (free haul), there is no overhaul, Stas, o to 3 -f 30- 
The fill from Stas. 3 4- ^ to 5 is obtained from the borrow pit 
located 500' off the road DF. As the free haul is 400', the line EH 
represents the limit of free haul and the area CHEDG represents the 
overhaul on the fill from Stas. 3 4- 30 to 5. This area equals 0.6 
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Notb.—C olumns 6 and 7 quantities are obtained by subtracting column 5 quantities for each station from column 3 quan- 
titiaa for the same station. 
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sq. in. X 2500 sta. yds. per sq. inch = 1500 sta. yd. overhaul, Stas. 
oto5. 

In a similar way from Stas. 5 to 12 there is a small distance, Stas. 
7 to 10, where the cut makes the fill (area MNO). For the balance 
of the distance overhaul is required from the borrow pit. The limit 
of free haul from the pit is marked by the line KQ and the overhaul 
is measured by the area KLMOPQKy which equals 1.08 sq. in. X 
2500 sta. yd. per square inch = 2700 total sta. yd. overhaul, Stas. 
5 to 12. 



. 

' ^ 6c:>h ‘SOOau ua's SxravaHd 

On* Sfuare ■»2SC^i h t^ds. //(?<// 


Fig. 319.—Mass diaRram, Case II. 

Scales i" -» 500 cu. yd. excavated, vertical 
1" 500' haul, horirontal 

1 sq. in. — 2500 sta. yd. haul 

Case III. Borrow Obtained from a Long Variable Section Pit and 
Placed in a Long Section of Road Fill with a Long Intermediate Sec¬ 
tion of Road Where the Cut Makes the Fill. Free Hatd 400'.—For a 
borrow pit of the kind it is necessary to compute and plot the pit in 
the same manner used for the roadway computations. These com¬ 
putations arc made in the direction of haul in the pit; that is, tlie 
zero cut quantity is taken at the point in the pit farthest from the 
road. The tabulation of quantities for this case is given as follows: 

Figure 320 shows the completed diagram for Case 3. It is 
explained as follows. Line ABCDFIFGIIJ is plotted from the tabu¬ 
lation of (piantities. The next step is to determine and eliminate 
from the diagram any sections of the road where the cut makes the 
fill with a haul of less than 400' free haul. Bearing in mind that cut 
is plotted up and fill down, it is evident that roadway excavation DF 
makes the fill line FII and no borrow-pit material is required from D 
to n (Stas. 3 to 9-1-70). Bearing in mind tliat the horizontal line 
DH represents the length of haul for a yard excavated at D and 
placed at which is 670* and that the free haul is only 400', it is 
evident that between Stas. 3 and p+70 some of the roadway excava¬ 
tion must be overhauled. A horizontal line EG is therefore drawn, 
locating it by shifting up, so that it is exactly 400' long (free haul 




Table 167.—Mass-diagram Computation, Case 111 
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tUkiio cut to fill. 
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distance), where it cuts the diagram line. This means that the 
roadway excavation from E (Sta. 5) to F (Sta. 7) just makes the fill 
from Fy Sta. 5, to G, Sta. 9, without any overhaul. To get the over¬ 
haul on excavation from D, Sta. 3, to //, Sta. 9-I-70, take out the free- 
haul area EjGTS and the overhaul is given by the sum of the areas 
DFS and GHT. 



- VcrilcalScnfe •SOOci/.^^s 

Crrc ',7’jarc *2S00s^.yds. Haul 


Fig. 330 .— Mass diagram. Case III. 
Scalr'n l" — 500 cu. yd., vertical 
l" •• 500' haul, honeontal 
I sq. in. 3500 sta. yd. of haul 


The next step is to take out the free haul from the borrow-pit 
haul which is accomplished by drawing the line A'/, parallel to/I 
and 400' away from it. The overhaul on the borrow-pit excavation 
is then the area KLCDIIJK, 

The total overhaul for Case 3 is area KLCDESTGHJK^ which 
eauals 22.7 sq. in. multiplied by 2$00 sta. yd. per square inch = 
50J00 sta. yd. 

These three cases outline the general principle of the work and if 
the fundamentals have been grasped minor modifications in condi* 
tioDS will give no trouble. 
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Structures.—This book is not intended as a textbook of structural 
design (culverts, bridges, etc.). Most cases can be handled by the 
use of standard designs for small-span bridges given in Chap. IV, 
(pp. 214 to 310) or by the use ot the state or federal standards 
applicable to the locality in question. Basic data for types of struc¬ 
tures, waterway areas, etc., are given in Chap. IV, Drainage, Part I. 
The following tables and basic design data will, however, be useful 
for cases where special designs are required or where it is necessary 
to figure the safe load of existing structures for repair or condemna¬ 
tion purposes, provided the reader is familiar with design methods. 
If the reader is not familiar with design methods he is referred to 
Ketchum’s “Highway Bridges,” for culvert, bridge, and rctaining- 
wall design, and to “Concrete Engineer’s Handbook,” by Hool 
and Johnson for concrete arch design. 

The cost of surve>'s, designs, finsd plans, and estimates for small- 
span bridges of less than 45' span wall range from to 2% of the 
cost of the structure. This cost permits proper economic alternate 
design investigations. 

Bridge Designs.—The steps of ordinary small-span bridge design 
with references in regard to location of required data are as follows: 


Pages 

Channel straightening. 181 

Location of structure . 181 

Waterway area. 186 

Debris clearance. 186 

Possible utilization of parts of old structure. 210 

Economical t>'pe of structure . 205 

Final road surface grade considering high-water debris, 

clearance, and depth of floor system. 1025 

Foundation and abutments. 207 

j Loading. 200 

Superstructures j Roadway widths. 203 

[standard details. 214-310 

Protection from scour. 211 

Cost estimates. 1150 


A design report should be prepared discussing alternate possi¬ 
bilities for eacn part of the design and giving the reason for the 
adopted design (see'p. 774). 

In training designers the author has been in the habit of starting 
out by telling them that there are a number of satisfactory ways of 
solving any problem and that their designs would be accepted with¬ 
out requests for revision, provided they mastered the broad general 
principles outlined in Chap. IV and actually used their brains to get 
a reasonably suitable and economical design. Designs arc never 
accepted merely because they comply with standards, but any rca- 
sonaole design is accepted which shows careful analysis and an effort 
to produce an economical structure suitable to local conditions. 
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GENERAL STATEMENT OF DESIRABLE ECONOMIC TYPES 
OF SUPERSTRUCTURES (SMALL SPAN) 

Div. No. 4, N. Y. S. Div. of Highways 

Spans 5 to 25'. —Slab tyx)e of bridge prcfcred for all ordinary 
foundation conditions. For soft foundations requiring piles I beam 
stringer typ>e generally preferable on account of diffn ulty of form¬ 
ing (liability of settlement of deck bents). In case slab type used 
on soft foundations forms must be supported on piles or framed 
trusses suppKjrted by abutment toe. On hard foundations use rigid 
frame of slab. 

Spans 25 to 45'.—Hard pan or rock foundations with excessive 
headroom creek to road grade use reinforced concrete arches or 
1 beams. 

Hard nan or rock foundations at low stream crossings use double 
span slabs with pier where there is no danger of stream clogging. 
Use T beam superstructures or I beam superstructures where 
single sp>ans are required. The use of T beams or I beams depend¬ 
ing on cost considering the effect of difference in depth of floor 
for the tw’o types on approach costs as well as the comparative 
cost of the superstructures. 

For ordinary foundation soils it is rarely advisable to use piers 
for spans less than 45 feet. For these conditions use T beam or 
I Ixjam structures the selection depending on economic costs 
considering effect of depth of floor on approach costs as well as 
cost of bridge proper. If piers arc used on ordinary soil founda¬ 
tions each span should be designed with free ends. Felt con¬ 
struction joints are advisable to permit minor settlement without 
crushing or cracking of parapets. Pipe rail parapets are to be 
preferred to solid concrete for this condition. On hard i>an or 
rock foundations the continuous beam design is desirable making 
reinforcement continuous with no provision for expansion or con¬ 
traction UD to 50' total length of multiple spans. 

Spans 45 to 100'. —Multiple or single spans as determined by 
economy of design and suitability of piers. Piers to be spaced 
not closer than 4 times range of depth between high and low 
water. Arches preferred on rock or hard pan foundations. T 
beams next choice. On the soft foundations I beams stringers or 
plate girders. 

Loading. —Use H-is for roads carrying less than 2000 vehicles daily (10 
hour count in summer). Use II-20 fur road.s over 2000 vehicles, allowing 
fer 60 year traffic increase. 

GENERAL BASIS OF DESIGN 
State Road Bridge Widths & Pedestrian TraflGlc 

(Division No. 4 New York State 1927) 

Allow for 30 years traffic increase on types of bridges that can be 
widened without entire rebuilding (slabs, T beams, stringers & 
arches) class A bridges. 

Allow for 60 years trafBc increase for trusses and plate girders 
(class B bridges). 
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The following satisfactory bridge widths for different volumes of 
traflSc are based on 12 hour traffic counts in August. Allow 70% 
increase for 30 years and 100% increase for 60 years for roads on 
portions of the system which are completed and traffic routes 
nxed. Make special increases or decreases for future adjacent 
improved roads which will radically change normal increase which 
is based on population increase (see future traffic chart for Division 
No. 4, page 31). 


Maximum future traffic volume 
(12 hr. count in August) allow for 
30 to 60 years increase 

Recommenderl roailway width 

Class A bridges 

Class B 
bridges 
over 4S' 
span 

IO'- 25 ' 

span 

25 - 45 ' 

1 s{>an 

Over 4S' 

' span 

Class I AA, over 9000 vehicles... . 

40' 

1 

i 40' 

i 

! 40' 

40' 

Class lA. 5000-9000 vehicles. 

40 

{ 40' 

30' 

30' 

Class I, 2000-5000 vehicles . 

jo' 

30; 

34' 

24' 

Class II, 1000-2000 vehicles. 

30' 

’ 24' 

22' 

22 ' 

Class III, 300-1000 vehicles. 

30' 

! 24' 

1 22' 

22' 

Class IV, under 300 vehicles.. . . 

24' 

22' 

1 

20' 


Pedestrian Traffic 

Where there is immediate necessity for sidewalks use either 
separate foot bridge or walks on bridge are required by the layout to 
fit local conditions. Where there is no immediate necessity for 
walks on the bridge make no special provision on Class A bridges 
as these bridges can either be widened or separate foot bridges near 
the road lines can be easily provided in the future for spans under 
45 feet. Where class B bridges are used provide connections for 
future sidewalk brackets as it is practically certain that within a 
few years sidepaths for pedestrians will be common practice on 
State Roads. 

Signed. 

Bridge Eng. 

Bridge Plans (see pp. 1007 to 1012).—Bridge plans should 
include a general layout showing location of structure, chan* 
nel improvements, road approaches, etc., a set of detail sheets 
carefully dimensioned ana elevationed to give all necessary con¬ 
struction data, and sheets giving the estimate of quantities, bill of 
materials, detail bar lists, and bending diagrams. The size of 
sheet is the same as for road plans. Scales for general layout arc 
generally 50' to the inch horizontal and 10' to the inch vertical. 
Scales for details are varied to bring out the necessary data, and 
generally range from to i'' per foot. For small simple structures 
where the regular road cross-sections are plotted i" to 5' it is just as 
well to retain this same scale, as it corresponds with the road plan 
cfosft-sections. 
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Typical plans (i). General layout. 
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Appro* SorfactofFie/d 


Approx Top of Bonk^ 
Jr 



Boffom Boh 
ProeonfChmneh 
"T 


* 79 *rS. 5 koadi 
New Channtt Profile 


ill: 

- . -. hIH - - -^^+1 



' \Counferst/nk 


P-j^ PJoiti 3Z’-0P f^. cw^ k> fi'^skewof 10 ® 


NOTE 'Holes in Bolhom Plafe on confer Une of Sfrm^ers 
Coonfcrsunk on fop. 

Ho.'ei f.n Upper Plafe on each stde of Sirin^er Flonppe 
coonfersunk on boffom 

For size of lenjih of Anchor Bo/fs see B P.302 
Expansion Pta-fe Peienis 


Typical plans (3). Creek profile and expansion plate. 
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Typical plans (4). Bridge detafls. 
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General Notes 

General clauses B.R. 302 A 702 to apply. 

All concrete rub finished. 

Earth excavation maximum limit of payment as per B.R. 702. 

Special Form Note 

Abutment and wing forms shall have the following minimum 
requirements. 

Face forms iM” tongue and grooved lumber plained on one side. 
Vertical studding at least 2'' X 6'' spaced not over 24'^ 
Horizontal studding at least 4" X 6" spaced not over 24". 

Forms tied with rods. Wire ties not permitted. 

Tie rods spaced not more than 42'' along whailers. 

Studs spaced 16" c. to c. for facing. 

Wire ties 2— No. 6 or 4—No. 9 spaced 36" along wales. 


Prelim. Summarized Estimate 


Unit 1 

Net 1 

1 

Cont. 

Gross 

L. S. j 

Nec. ! 

1 


C.Y. ! 

4.000 j 

SOO 1 

4.SOO 

C. Y. 


10 

10 

lin. ft. 


100 

100 

lin. ft. 


100 

100 

bbl. 

950 

ISO 

1.100 

C. Y. 

95 

S 

100 

C, Y. 

6. 1 

0.9 

7 

C. Y. 

580 

60 

640 

sq. yd. 

IS I 

9 

160 

lbs. 

6.200 

300 

6.500 

1 lbs. 

66.430 

S 70 

67,000 

1 lin. ft. 

100 

200 

300 

1 sq. yd. 

1,050 

50 

1,100 

C. Y. 


ISO 

ISO 

C. Y. 

100 

20 

130 

C. Y. 

120 

10 

130 

C. Y. 

14 

1 

IS 

lin. ft. rd. 

500 

SO 

550 

sq. yd. 


100 

100 

I. 3 S 0 

SO 

so 

1.400 

SO 

gal. 

3.300 

200 

3.500 

L. S. 


Nec. 

Nec. 

C. Y. 

ISO 

10 

160 

L. S. 

Nec. 


Nec* 

L. S. 

Nec. 


Nec. 

lin. ft. 

4.000 

4.000 

each 

3 

2 

4 

lin. ft. 

600 

100 

700 


No. I 


Item 


3 

7 b 

10 

15 

16 

17 

2 I 

30 

30 A 

32B 

34 

38 

39 

43 

47 

SiD 

56 

59 

60 A 

62 

72 

78 

80 

82 

83 

84 
87 
89 


Clearing and grubbing. 

Earth excavation. 

Rock excavation. 

4" Pipe underdrain. 

Relaying pipe. 

Portland cement. 

Cement concrete for structures 
Cement concrete for parapets.. 

and clase concrete . 

Metal reinforcement for pave¬ 
ment. 

Bar reinforcement for struc¬ 
tures . 

Structural steel. 

Wooden guide rail. 

Preparing fine grade. 

Foundation course (run of bank 

gravel). 

Bottom course (run of bank 

gravel). . 

Top course bituminous maca- 

aam. 

Cement concrete pavement. .. . 

Trimming shoulders. 

S<^rifying old macadam. 

Bituminous material water¬ 
proofing . 

Screened gravel Goose measure) 
Bituminous material T penetra¬ 
tion . 

Maintaining traffic (if ordered) 
Rip rap. 


steel abut. 

Coffer dams, etc. 

Timber piles. 

Test piles. 

Resetting wooden guide rail.. 


Typical Plans (5). General notes and summarized estimate. 
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Approx. Bill or Materials 


Item j Net eet. 

— 

Gross set. 

) 

Cement . 9Sobbl.± 

Concrete stone. 700 C. Y. ± 

Concrete sand. 35 <> C. Y. ± 

Rip rip stone. 150 C. Y. 

a " Drain tile if ordered. | . 

Screened drain gravel if ordered. ; . 

Steel (see special list). 

1,100 bbl. ± 

760 C. Y.± 
380 C. Y.± 
100 C. Y. 

100 lin. ft. 

50 C. Y. 


Detail Bar List 


Bar 

designa* 
tion 
(see BR 
302) 

Size 

of 

bar 

Num¬ 
ber of 
bars 

Length 

each 

bar 

Location of bars 

a 


60 

35-02" 

Bent traverse slab bar 

b 


136 

10" 

Straight traverse slab bar 

c 


8 

1 48^—08^^ 

1 

Straight longitudinal bar in parapet and 
: curb 

d 

1 

2 

48'-oo" 

I Top longitudinal bar in parapet and 

1 curb 

e 


20 

y-03" 

: Vertical bar in i>arapct and curb 

£ 


3-06 1 
' 3-00" 

* V'crtical bar in parapet and curb 

8 


! 16 1 

Vertical bar in parapet and curb 

n 


16 

' 4'-00'' 

Vertical bar in parapet and curb 

m 


29 

48'-06" 

15-05" 

1 

Longitudinal top and bottom slab bam 

n 

48 j 

f Longitudinal bar under I beams 


Table op Excavation and Embankment 
Road Approaches 


Sta. to fta. 

6 

& 

(J 

.d 

a 

(I] 

II 

Remarks 

7 S+SO~ 78 d-SO 

DriTea 

78 + 95 - 81 - 1 " 50 

xoo 

700 

300 ± 

I.OOO 

800 

400 

1,200 

Obtain from channel exc. pref¬ 
erably above elev. 384.0 ' 

Obtain from channel exc. pref-' 
crably above elcv. 384.0 j 

1 Obtain from channel exc. pref¬ 
erably above elev. 384.0 

Creek Channel and Structural Excavation 

Backfill 

f+40—8— i+oo —N 

4^00 ± 

600 ± 


Use best malerlalt for road fills 
and abutment backfills 


Typical Plans (7). Tabular information for contractors and 
inspectors. 
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Utilization of Old Structures. Case 1 .—Where abutments and 
superstructure are properly located and of standard strength, but 
the roadway is too narrow, the structure is widened (see Fig. il, 
below). 
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Pig. a ,—Utilization of old structures, Case i. Old superstructure 
and abutments retained and extended. 

Note .—In this particular case the widening cost $3000 less than a 
new structure. 
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Case 2.—Where the abutments arc good but the superstructure 
too weak for modern loads the method used in Fig. B is often 
desirable and is a money saver. 
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Pic. B ,—Utilisation of old structures, Case 2. Saved $1500 over 
entire new structure. 
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Case 3.—Where the abutments are good but where superstructure 
is either of a type which cannot be widened or is unsuitable to act 
as a form for a new deck, the existing superstructure is abandoned 
and the abutments utilized as shown in Figs. C and D (pp. 1015 and 
1017). 
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Fig. r.- - Utilization of old stnicturcs, Case 3. 

Xoir. - In this case utilization of old masonry resulted in a reduction 
in cost of approx. $2500. 
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BRIDGE DESIGN 
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Pig. D, — {Continued.) 




Fig. E .—Utilization of old structures, Case 4, 
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Diagram i. —Flood ninoflF for small streams. N. Eastern States 
(See Table 47, page 189.) 
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Ororfnagt Ar«as, 



Diagram 2 .—Flood runoff for streams. Medium sijtc watersheds. 
N. Eastern States. 

(see table 47 on page 189.) 
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Diagram 4. —Typical storm sewer runoffs. Lima. Ohio. (Rather flat topography.) 




BRIDGE CLEARANCES 


I02S 


Elevation of Road Grade across Bridge.—The elevation of road 
grade across structure depends on elevation of high water, debris 
clearance and floor depth. The following data which was compiled 
for New York Standards (1926) gives a good general idea of the 
clearance data required for this part of the design. Similar data 
can be compiled for each locality using the prevailing clearances 
for that district. For special cases standard floor depths can be 
reduced 6" to 9" for approx. $200 to $400. 


Clearances above Highwater* to Determine Approximate 
Road Grade over Bridges 


New York State Standards (1926) H-20 loading 


Span 

(ft.) 

Minimum 

debris 

clearance 

(fi.) 

Depth floor 
slabbridKes 

D«)th floor 
T-beam 
bridges 

6 

10 

0 5 

OS 

1 

1.4' 2 o' 


15 

0 8 

1.7 i 25 

j 

30 

0.8 

2 - 0' 1 2 ,7' 


2S 

0 9 1 

2.4' 3 0' 

2.6' 

30 

1 10 

30; ; 

3.0' 

3 S 

! 12 

34 1 

3.7' 

40 

; I 5 

1 3.4; ; 

4 5 

45 

i 2,0 

1 

; 3 4 



Depth road 
surface to 
bottom steel 


Debris 
and ice 
clearance 


32 ' roadway plate girders (50 to 90' spans).. . a.o'-j.s' 

30' roadw'ay plate girders (50 to 90' spans)... 3 s'-4.o' 

40' roadway plate girders. 4,o'-4.5' 

33' roadway truss bridges (90' or more span-s.. 3.5' 

30' roadway trviss bridges (90' or more si>ans). 4,3' 


3.0' to 40' 
2.0' to 4 0' ; 
2.0' to 4.0'! 
2 . s"to 4 0'1 
a.s'to 4.0'I 


* Notk: Highwater elevation is the upstream backwater head elevation to 
produce desired velocity through opening for sluggish streams or normal 
upatream highwater where natural stream velocity is maintained. Approx. 

backwater head in feet where V' equals desired increase in natural flow 

04 

velocity in feet per second. (For table sec page 196.) 

Example .—Assume that new bridge is to be built across outlet stream 
emptying into a lake with dead water at bridge site. Assume 6' per second 
is oesired at bridge opening and that lake highwater is 348.3. Assume that 
an 80' plate girder bridge with 22* roadway is to be built. Assume debris 
clearance of 3.5'. 

Backwater head - P • • o.S 7 ' - »ey 0.6' 

64 64 

Backwater head elevation 348.3 -f- 0.6 •• 348.9 
Required elevation of bottom of steel • 

_ 348.9 ± 3.5 debris clearance 251.4 
Road grade 351.4 4 - 3.0 floor depth «> 354.4 
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Design of Forms.—Design of strength of concrete forms for 
abutments and wings de^nds entirely on the speed with which the 
concrete is deposited. If these structures are constructed in short 
sections and poured monolithic from bottom to top in a short time 
(less than 2 nr.) they should be designed for horizontal pressures 
resulting from the depth of concrete laid in that time. If a small 
mixer is used and the level of the concrete is raised in successive 
shallow layers, each one of which has time to set before the next 
layer is placed, less studding, whales and ties are required. Figures 
348 to 354 (pp. 1346 to 1353) show common practice for structures 
of different types. 

Deck and girder forms are generally designed for total weight 
of concrete plus 50 lb. per square foot live load and assume that 
the concrete is carefully deposited and not dropped in large masses. 

Table 181 (p. 1052) gives usual design values for horizontal fluid 
pressure of concrete against forms. 


List op Structuilaj, Design and Estimating Data 

Table 168 (p. 1028). general flexure formulas 

Table 169 (p. 1030), moment of inertia formulas 

Table 170 (p. 1031), centers of gravity formulas 

Table 171 (p. 1033), allowable design stresses 

Table 172 (p. 1038). weights of materials 

Table 173 (p* 1039). live loads 

Table 174 (p. 1040), impact allowances 

Table 175 (p. *042), distribution live loads 

Table 176 (p. 1043), earth pressure formulas 

Table 177 (p- *045), distribution of base pressure 

Table 178 (p. 1051), safe bearing power of soils 

Table 179 ^p. lOSO. maximum pjfc loading 

Table 180 (p. 1052), sliding friction resistance 

Table 18r (p. 1052), wet concrete pressure against forms 

Table 182 (p. 1053), cfiefficicnts of expansion 

Table 183 (p. 1053), temperature stresses 

Table 184 (p. 1054), wire gages and areas 

Table 185 (p. 1060), expanded metal 

Table 186 (p. xo6i), reinforcing bars 

Table 187 (p. 1062), steel I-beams, old standard (Cambria) (1918) 

Table 188 (p. 1064), special girder rolled beams (Bethlehem) (1926) 

Table 189 (p. 1068), steel plates 

Table 190 (p. 1072), corrugated metal 

Table 191 1073). stren^h concrete slabs 

Table 192 (p. 1074), stren^h concrete beams 

Table 193 107s), effect depth of fill on culvert slabs 

Table 194 (p. 1076), strength timber beams 

Table I95 (p. 1077)1 deflection timber beams 

Table 196 (p. X0781, timber long columns 

Table 197 (p. *079). cast-iron water pipe 

Table 198 (p. 1080), cast-iron culvert pipe 

Table 199 1080), corrugated metal pipe 

Table 200 (p. 1083), rcinforccd-concrete pipe 

Table 201 (p. 1084), vitrified pipe 

Table 202 (p. io8<')), concrete arch axis (trial) 

Table 203 (p. 1087). concrete arch thicloiesa (trial) 


For trial dimensions for preliminary computations of retaining 
walls see page 682; for abutments and bridge details see Chap. IV, 
Part I. 
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Structural Plans. —Structural plans should be completely detailed 
and very thoroughly dimensioned so that the contractor and 
inspector will have no difiiculty in constnicting to the correct lines 
and grades. All foundation plans should show the base-pressure 
diagram, so that reasonable decisions in regard to foundation 
modifications in widths of footage and pile layouts can be made by 
the constructing engineer when unexpected foundation conditions 
develop (see Fig. 321 illustrating base-pressure diagram. 
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HcHhessure 
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course, compacf sand or 
drg cJjg ■’$ encounfered 


Fig. 321.—Typical base pressure diagram. 

.Votp:.—P iles if ordered. No piles will he needed if rock, good gravel, 
or dry, coarse, compact sand or dry clay is encountered. 
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Table i68.—Unitorm Beaus. Maximum Bending Moment 
AND Deflections (Simple Cases) 


Case I. Beam with ends free. Single concentrated load P in 
middle of span; weight of beam disregarded. 

The ma.\imum moment occurs at 
the center of the span. 





£1 

4 


The maximum deflection occurs at 
the center of the span. 


Concentrated Load in Cen< 
ter of span 

Where D 
P 
I 

E 


I 


D < 


PP 
48 £/ 


“ the deflection in inches 

— load in pounds 

— span in inches 

— modulus of elasticity in lbs. 

per sq. inch 

— moment of inertia in inches* 

— maximum moment in inch 

pounds. 



Case 2, Cantilever beam con¬ 
centrated load P; weight of beam 
disregarded. 

The maximum moment occurs at 
the support. 


M ^ PI 

P 



Case j. Beam with ends free. Uniformly distributed load. 
The maximum moment occurs at the center of the span. 




The maximum deflection occun at 
the center of the span. 

384 El 

In these fonnuUe W equals the total 
uniformly distributed load. 







Resisting Moment of a beam is expressed by the formula 



Where — moment of resistance in inch 
pounds 

p — maximum allowable fiber stress 
in lbs. per sq. inch. 

/ — moment of inertia of the beam 

in inches^ 

e -• distance in inches from the ncu« 
tra! axis to the outer fiber 
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Table 169.—Moments op Inertia op Simple Sections 









CENTERS OF GRAVITY 1031 


Table 170.—Centers of Gravity of Ordinary Plane Figures 



Sc^uarcs, rectangles, parallelograms. Center of gravity is at 
the intersection of the diagonals or midway between the bases 
on a line drawn between the centers of those bases. 


Triangles 



b b 


Center of gravity is at the intersection of the medial lines 
a b and c d; a medial line is a line drawn from any apex to the 
middle of the opposite side The distance h (C. G.) = \ a b; that 
is, the center of gravity is on the medial line J of the distance from 
the base to the apex. 


Trapezoid 



Graphic Method. Prolong b a io g, making a g ^ c d. Pro¬ 
long c d io hj making d h ^ a b. Connect g h. Bisect a 6 at e. 
Bisect c d Hi f. Connect e f: the intersection of ^ A and e/ is 
the center of gravity. 

The distance / (CG.) — y X 


Any Quadrilateral 



Graphic Method. Draw 
the diagonals ac and bd 
intersecting at e. 

Lay off a / ** e c 
Lay oQ b g ^ e d 
Bisect eg at A; bisect e / 
at t. 

The intersection of / A and 
g i is the center of gravity 
of the figure. 
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CircUs 

Center of gravity at the center 



Semicircle 

The center of gravity lies on the radius 
perpendicular to the diameter. The distance 
c {C.G.) — radius X 0.4244 



Quadrant 

The center of gravity lies on the radius which 
bisects the ^ ach. The distance c (C. G.) — radius 
X 0.6002 



Sector 

a 

The center of gravity lies on the radius bisect¬ 
ing the ^acb. The distance c (C. G.) ■■ | radius X 
chord a b radius* X chord 


arc a d 6 * 3 X area 

b 

Segment 

d 

The center of gravity lies on the perpcn- / 

dicular erected at the center of the chord ab, / 

kg/\ 

The distance e (C.C.) - chord afr* 

X 2 Xarea of segment 

ij jfc 
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Table i 7 Giving Moduli of Elasticity, Working Stress 

AND UlZLILATE STRENGTH 


Moouu or EuisnciTY 

Material 

Lbs. par Sq. In. 


Concrete. 

Hemlock. 

Iron (cast). 

Iron (wrought). 

Oak. 

Pine (white) .. 
Pine (vcllow) .. 
Steel (medium) 
Spruce. 


WoBxiMo SraassES in Lbs. rsa Squabs Inch 

Material 

Tension 

Compression 

Shear 

Concrete . 

60 

600 


60 to too 

Hemlock. 

600 

W. G.» 600 A. G.* 

150 

W. G. 100 A. G. 600 

Iron (cast). 

3 ,000 

18.000 


5.000 

“ (wrought).. 

10,000 

Sfioo 


8,000 

Oak. 

1,300 

W. G. 1,300 A. G. 

500 

W. G. 300 A. G. 1,000 

Pine (white) - 

700 

W. G. 700 A- G. 

300 

W. G. 100 A. G. 500 


1,300 

W. G. 1,300 A. G. 

350 

W. G. 150 A. G. 1,350 

Steel (medium).. 

13,000 

13,000 


13,000 

Spuce. 

800 

W G. 800 A. G. 

300 

\V. G. 100 A. G. 7S0 

Ultimate 

Stbxmcth in Lbs. peb Squabs Inch 

Material 

Tendon 

1 Compression 

Shear 

Concrete. 

300 

3.000 


1300 

Hemlock . 

6,000 

W. G. 6,000 A. G. 

600 

W. G. 350 A. 0. 3.500 

Iron (cast) . 

18,000 

go.ooo 


30,000 to 30,000 

“ (wrought).. 

50,000 

40,000 


35 .o«> to SS.OOO 

Oak . 

13.000 

W. 0 7.000 A, G. 

3,000 

W. G. 800 A. G. 4.000 

Pine (white)_ 

7,000 

W G. 5.500 A. G. 

700 

W. G 400 A. G. t,ooo 

'* (yellowy ... 

13,000 

W, G. 7.000 A. G. 

1,400 

W. G. 600 A, G. 5,000 

Steel (medium) . 

60.000 

60,000 


50,000 to 70,000 

Spruce . 

8,000 

W. G. 6,000 A. G. 

700 

W. G. 400 A. G. 3,300 


2,000,000 
900,000 
17,500,000 
29,000,000 
1,500,000 
1,600,000 
1,600,000 
30,000,000 
1,600,000 


* W. G. With Grain. * A. G. — AcroM Grain. 
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Table 1715 
Unit Stresses 
Pounds per square inch 

SUel Structures 

Structural grade and rivet steel: 

Tension: 

Axial tension, structural members, net section . 16,000 

Rivets intension, where permitted—50% of single shear values 

Bolts, area at root of thread. . 10,000 

Axial compression: 

Axial compression, gross section. 15,000-50 L/r 

But not to exceed. 13.S00 

L — length of member, iri inches 
r — least radius of gy'ration; in inches 
Bending on extreme fiber: 

Rolled shapes, built sections and girders, net section. 16,000 

Pins. 24,000 

Shear: 

Girder webs, gross section. 10.000 

Pins and shop-dnven rivets. 12.000 

Power-driven field rivets and turned bolts. 10.000 

Hand-driven rivets and unfinished bolts. ... 7.500 

Bearing: 

Pins, steel parts in contract and shop-driven rivets.24,000 

Power-driven field rivets and turned bolts ... . . 20.000 

Hand-driven rivets and unfinished bolts. . . 15.000 

Expansion rollers, pounds per linear inch, where d -• diameter 

or roller in inches. 6oorf 

Countersunk rivets: 

In metal thick and over, half the depth of countersink shall 
be omitted in calculating bearing area 
In metal less than thick, countersunk rivets shall not be 
assumed to carry stress 
Diagonal Tension 

In webs of girders and rolled beams, at sections where maximum 

shear and bending occur simultaneously. 16,000 

Other metals: 

Aptal Tension: 

Wrought iron. . . 12,000 

Bending on extreme fiber; 

Cast steel. 12.000 

Cast iron. 3,000 

Shear: 

Cast steel. 10.000 

Cast iron. 3.000 

Bearing: 

Cast steel. 14.000 

Cast iron. r0,000 

Bronze sliding expansion bearings. 3,000 

Bearing on bridge seats: 

Bearing on concrete masonry limestone masonry and better . 500 

Concret€ Structures 

Concrete: 

Direct compression: 

Columns reinforced with longitudinal bars and separate lateral 

ties. 600-IS L/D 

But not to exceed.. 450 

L ■■ unsupported len^h of column 
D » least diameter of column 

Piers and pedestals. 450 

Compreation due to bending: 

Beams and slabs. 650 

Archs rings, including temperature and rib abortening. 800 

Tension. o 
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Table 171^— Continued. 

Shear (diagonal tension): 

Beams without shear reinforcement; 

Longitudinal bars not anchored. 

Longitudinal bars anchored. 

Beams with shear reinforcement. 

Punching shear. 

Reinforcement; 

Tension: 

Beams and slabs... 

Arch rings, including temperature and rib shortening 
Compression—15 times stress in surrounding concrete 

Bond: 

Bars not anchored. . 

Bars adequately anchored by hooks or otherwise. 

Table 171C.—Allowable Working Stresses 
{Ketchuvi's Design of Highway Bridges'') 1:2:4 concrete 
(2000-lb. compression, 28-day age) 

“The following working stresses are for static loads and are based on a 
concrete composed of 1 part Portland Cement. 2 parts sand or fine aggregate, 
and 4 parts stone Mr coarse aggregate, that will dev'elop an ultimate compres¬ 
sive strength of 2000 lb. per square inch at an age of 28 days in cylinders 8" 
in diameter and 16" long, when made and stored in moist air under'aboratory 
renditions. Concretes of diflierent mixtures shall have allowable stresses 
proportional to their ultimate compressive strengths determined under the 
above conditions. 

'^Bearing.—When compression is applied to a surface of concrete having 
at least twice the loaded area, a stress of 700 lb. per square inch may be 
allowed on the area actually under load. 

'‘Axial Compression. — P'or concentric compression on a plain concrete 
pier, the length of which does not exceed four diameters, a stress of 450 lb. 
per square inch may I'e allowctl. 

“Columns. —Reinft rced-concrete columns may have allowable stresses as 
follows: 

“fl. Columns with longitudinal reinforcement of not less than i and not 
more than 4%, and with later.il ties of riot less than in diameter, 12" 
apart, nor more than 15 diainetcr.s of longitudinal bar may have an allow'able 
stress in the concrete of 450 lb. per square inch. 

"b. Columns with longitudinal reinforcement of not less than r and not 
more than 4 %, and with cinnilar hoops or spirals not less than i % of the 
volume of the concrete, where the hoops arc spaced not more than one-sixth 
the diameter of the enclosed column or mi>re than 2K.", may have an allow¬ 
able stre.ss in the concrete of 700 lb. per square inch. 

“Compression on Extreme Fiber. —The extreme fiber stress of a beam, 
calculated on the assumption of a constant modulus of elasticity of concrete, 
shall not exceed 650 lb. per square inch. Adjacent to the support of con¬ 
tinuous beams, stresses 15*0 higher may be used. 

"Shear and Diagonal Tension. —As a measure of diagonal tension the 
following allowable .shearing stresses may be used. 

“o. For beams with honzt)ntal bars only and without web reinforcement, 
a shearing stress of 40 lb. per square inch may be allowed. 

"b. For beams with %veb reinforcement of stirrups looped about longi¬ 
tudinal reinforcing bars in the tension side of the beam and spaced hori- 
xontally, not more than onc-hnlf the depth of the beam or for l>eams in which 
lonmtudinal bars arc bent up at an anple of not more than 45 nor less than 20® 
with the axis of the beam, and the points of licnding arc spaced horizontally 
not more than three-quarters the depth of the beam, a shearing stress of 90 
lb. per square inch may be allowed. 

*V. For a combination of bent bars and vertical stirrups looped about 
reinforcing bars on the tension side of the l>cam and spaced horizonta.lly not 
more than one-half the <!cpth of the beam, a shearing stress of xoo lb. per 
square inch may be allowed. 

"d. For beams with w’cb reinforcement (either vertical or inclined) 
securely attached to the lon^tudinal bars on the tension side of the beam in 
such a way as to prevent slipping of bar past the stirrups, vertical stirrups 


120 

120 


16,000 

20.000 


80 

I 20 
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Fig. 171C— Continued 

to be spaced not more than one-half and inclined members not more than 
three-fourths the depth of the beam, either with longitudinal bars bent up 
or not, a shearing stress of 120 lb. per square inch may be allowed. 

*V. For punching or pure shear, 120 lb. per square inch may be allowed. 

“In calculating the stresses in web reinforcement two-thirds of the external 
vertical shear is to be assumed as taken by the stirrups or bent-up bars. 
The stresses in stirrups when combined with bent-up bars are to be deter¬ 
mined by finding the total amount of shear that may be allowed by reason 
of the bent-up bars, and subtracting this shear from the total external vertical 
shear. Two-thirds of the remainder will be the shear to be carried by the 
stirrups. 

“Bond Stress.—The bond stress between concrete and plain reinforcing 
bars may be assumed at 80 Ib. per square inch; on drawn wire 40 lb. per square 
inch; on deformed bars 100 lb. per square inch. Bars with ends hooked by 
bending through 180® around a radius of two diameters of bar may have a 
bond stress of 120 lb. per square inch. 

“Stresses in Steel Reinforcement.—The tensile or compressive stress in 
steel reinforcement shall not exceed 16.000 lb. per square inch. The tensile 
stress in stirrups shall not exceed 12.000 lb. per square inch ” 


Table of Values of Modulus of Rupture of Reinforced 
Concrete 


Per cent of 
reinforcement 

Modulus of rupture, 
pounds per square inch 

Design value for factor 
of safety of 4. pounds 
per square inch 

0 to 0.2 

400 to 600 

100 

0.4 

1,000 

250 

0.5 

1,250 

310 

0.6 

1.350 

340 

0.7 

1.500 

380 

0.8 

1.600 

400 

0.9 

1.675 

420 

1.0 

1.750 

440 


1:2:4 mix concrete. 
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Table 172.—Dead Load Weights of Different; Materials 
PER Cubic Foot^ 


Matkkul 

Weight jHT (' 

11. Ft. 

i 

Ash timber. 

40 

lbs. 

Brick (pressed). 

150 

it 

“ (common building). 

12$ 

u 

Cement (Portland). 

75 to 90 

W 

“ (Natural. 

50 to 56 

(( 

Concrete 1:2:4 Mixture (Trap rock). 

iSS 

(< 

(Gravel). 

152 

<( 

“ (Limestone). 

ISO 

K 

“ (Sandstone). 

I 4 S 

a 

“ (Cinder). 

110 

n 

“ 1:3:6 Mixture (about 5 lbs. lcs<) .. . 

— 


Earth (common loam, loose and dry). 

70 

<i 

(common loam, moist and rammed). .. 

100 

a 

“ (sand or gravel loose and dry).1 

100 

“ 

“ (sand or gravel rammed). 

' 120 

(( 

** (sand or gravel wet). 

120 

<( 

Hemlock timber. 

1 ^5 


Hickory ‘‘ . 

1 50 

n 

Iron (cast). 

! 450 

<< 

** (wrought). 

' 480 

tt 

Maple timlw. 

50 


Oak “ (white). 

48 


“ “ (black). 

40 

II 

Masonry (dressed granite or limes tone j. 

165 

II 

‘‘ (mortar rubble). 

155 

l( 

" (dry “ ). 

125 

II 

Pine (white) . 

25 

{< 

“ (northern yellow). 

34 

tt 

** (southern yellow). 

40 

It 

Steel. 

400 

tt 

Water. 

j 62. 

tt 


* For weight of road rocks, sec Tables 120 and 121 (p. 709). 


Miscellaneous Weights 


I bbl. Portland cement.376 lbs. 

I bbl. natural cement.235 lbs. 

I gal. water.8.345 lbs. 
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Table 173.— Live Loads, Highway Bridges 
Floor Loads: 

11-20 = 2o-ton gross truck load. 

H-15 = 15-ton gross truck load. 

H*12 3^2 =* i2)^-ton gross truck load. 

H-io = lo-ton gross truck load. 

14' front to rear a.xle. 

6' gage between rear wheels. 

0.8 of gross load on rear axle. 

0.2 of gross load on front axle 

Width of rear tires, i" per ton of gross load. 

Total area occupied by single truck 9' wide 25' long (see also 
Girder and Truss Loads 

Fig. 64B, Chap. IV, for electric cars and freight cars). 

H-20 = total load on each traflSc lane 9' wide, of 600 lb., 

per linear foot plus 28,000 lb. concentrated. 

H-15 = 45^ lb. per linear foot plus 21,000 lb. concentrated. 

H-r23^ = 375 lb. per linear foot plus 17,500 lb. concentrated. 

H-io = 300 lb. per linear foot plus 14,000 lb. concentrated. 

Sidewalk Loads; 

Class A bridges, 

not to exceed a maximum of 100 lb. per square foot. 

P - live load, in pounds per square foot. 

L - loaded length, in feet. 

W = width of sidewalk, in feet. 

Class B and C bridges, use 80% of this loading. 

* For proper use of these different classes of loading see Chap. IV (p. 202). 
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Table i 74.—Impact Loads 


Impact: 

The extra design load allowance for impact of moving loads is 
subject to considerable difference in practice ranging from o to 
60% of the static weight of the vehicles. 

As a general rule, the following values represent conservative 
practice in impact allowance: 

P'loor systems of bridges having timber plank floor 

surface. 30-50% 

Floor systems of bridges and trestles having concrete 

floor slabs supported by stringers or floor beams. . . . 20-30% 

For end floor beams, floor beam hangers, or connections. 

60% of live load. 

For stringers, floor beams, girders, and trusses on concrete 
floor bridges the impact allovs'ance shall not exceed 30% and, in 
general, may be determined by the formula 

_ L -h 2SO 

Impact = ^ ,- • 

loL -f- 500 

L = loaded length in feet producing the maximum static stress] 
Jin the member considered. 


N. Y. St.\te 1926 Stand\R i) Bridges Approximate 
Equivalent Uniform Static Design Live Loads 


(H-20 loading plus impact in pounds per square foot of bridge floor) 


Span, feet 

Type of bri«Ige superstructure 

Concrete slab 
bridges, pounds 

Steel-beam 
! stringers, pounds 

1 

Girders and 
trusses, pounds 

6 

1.200 

1 


8 

850 



10 

650 

650 


IS 

400 

400 


20 

250 

300 


as 1 

300 

250 


30 


1 300 


40 


170 

320 

4 S 


1 *50 

310 

50 



300 

100 



160 

ISO 


1 ••• 

140 

300 



130 
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Table 175.—DisxRiBunoN of Live Loads on Slabs, Floor Beams, 
AND Stringers (New York Specifications) 

**Throtigh Earth Fills. —When the depth of fill is 3' o" or more, concen¬ 
trated loads shall be considered as uniformly distributed over a square, the 
sides of which are equal to one and three-fourth times the depth of fill. 
When such areas from several concentrations overlap, the total load shall 
be considered as unifonnly distributed over the area defined by the outside 
limits of the individual areas, but the total width of distribution shall not 
exceed the total width of the supporting slab. For single spans, the effect 
of live load may be neglected when the depth of fill is more than V and 
exceeds the span length; for multiple spans it may be neglected when the 
depth of fill exceeds the distance between faces of end supports or abutments. 

**In Concrete Slabs.—In calculating bending stresses due to wheel loads 
on concrete slabs no distribution in the direction of the span of the slab 
shall be assumed. In the direction perpendicular to the span of the slab 
the wheel load shall be considered as distributed uniformly over a width of 
slab which is kno^m as the “effective width.” 

“In the following equations 

Let 5 ■» span of slab, in feet. 

U' ■> width of wheel or tire, in feet. 

X ■■ distance, in feet, from the center of the near support to the center of 
wheel, 

E -• effective width, in feet, for one wheel. 

‘'Case I. Main Reinforcement Parallel to Direction of Traffic. 

E - 0.7 5 +IF. 

"For this case the value of E shall not exceed s'- 

“When two wheels are so located on a transverse element of the slab that 
their effective widths overlap, the effective width for each wheel shall be 
yi(E 4- a), where a is the distance between centers of wheels. 

"Case 11 . Main Reinforcement Perpendtcular to Direction of Traffi^c. 

E « 0.7 {2X 4 in 

“For this case the bending moment on a strip of slab i'in width shall 
be determined by placing the wheel loads in the position to produce maximum 
bending, determining the effective width for each wheel, and assuming the 
load delivered by each wheel to the i' strip to be the wheel load divided by its 
respective effective width. 

“This investigation assumption docs not provide for the effect of loads 
near unsupported edges. 

In Longitudinal Beams or Stringers and in Transverse Floor Beams 

"Shear. —In calculating end shears and end reactions in transverse 
floor beams and longitudinal lx!ams or stnngers, no lateral or longitudinal 
distribution of the wheel loads shall be assumed. 

"Bending Moment in Longitudinal Beams or Stringers. —In determining 
bending moments in longitudinal beams or stringers no longitudinal distri¬ 
bution of the wheel loads shall be assumed. The lateral distribution may 
be determined in one of the following ways: 

"a. Absolute Method. —For investigations in which extreme accuracy is 
desired the lateral distribution may he very closely determined by consider¬ 
ing the flooring as continuous over a series of elastic supports and forming 
upon this hypothesis a scries of work equations. 

“6. Approximate Method. —For ordinary construction the lateral distri¬ 
bution may be determined by the following approximate method: 

Let M « one-half the bending moment produced by one truck. 

S — spacing of beams, in feet. 

M 1 «• Ixmding moment in one interior beam when floor system is designed 
for one truck. 

M% * bending moment in one interior beam when floor system is designed 
for two or more trucks. 

Ml — for plank floors. 

MS 

Ml - —j for strip floors 4" in thickness and for wood blocks on a 4" 
ptank subfloor. 
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Table 175. — Continued 
MS 

Ml • -for strip floors 6" or more in thickness. 

Ml *• —— for reinforced-concrete floors, 
o 

Afi ■* i.2Afj for the type of floor involved. 


"When the stringer spacing is such that Mi or M\, as the case maybe, 
exceeds M, the stringer loads shall be determined by the reactions of the 
truck wheels, assuming the flooring between stringers to act as simple beams. 

"c. Outside Stringers .—The live load supported by the outside stringer 
shall be the reaction of the truck wheels, assuming the flooring to act as a 
simple beam, but this live load shall in no case be less than would be required 
for interior stringers under the requirements specified above. 

"J. Total Capacity of Stringers .—The combined load capacity of the 
beams in a panel shall not be less than the total live and dead load in the 
panel. 

"Bending Moment in Floor Beams .—In determining bending moments 
in transverse floor beams, no transverse distribution of the wheel loads 
shall be assumed . . . 

"When longitudinal stringers are omitted and the floor is supported 
directly on the floor beams, the longitudinal distribution shall be determined 
as follows: 


Let M 


S 

Ml 

Ml 

Ml 


Ml 

Ml 


total maximum bending moment due to the superimposed rear 
axle loads. 

longi^dinal spacing of floor beams, in feet, 
bending moment in one floor beam. 

-for plank floors. 

&S 

- for strip floors 4" in thickness and for wood blocks on a a** 

45 

^lank sub floor. 

—1. for strip floors 6" or more in thickness. 

S- 5 ^ 

- — for reinforced-concrete floors, 
o 


"When the floor-beam spacing is such that M 1 as given by the above equa¬ 
tions exceeds M the floor-beam loads shall be determined by the reactions 
of the truck wheels, assuming the flooring between floor beams to act as 
simple beams." 


T/VBI.e 176. —Earth Pressure Formulae ^ 


I a. Rankino’s Formula for resultant Active Earth Pressure.—Rankine has 
vcloped the following formula* for the case in which (i) the total active 
thrust P acts upon a vertical plane, (2) acts parallel to the surface of the 
earth for all cases in which 6^0, (3) acts in a material of indefinite extent, 
and (4) the earth carries no load except its own weight (Fig. a): 


m which 



2 


P — total active thrust of earth against the vertical 
plane as de 8 cril>ed above. 
w — weight per cubic foot of retained material. 
h -• height of vertical section considered, as AC. 

_ ^ cos $ — \/cos* 9 — cos* 

C. i* cos 0- y - r - - 

COS 0 + V cos* 0 — cos* 0 



> Hool and Johnson’s Concrete Engineers Handbook, by permission of 
authors. 

* For development see Bakbr's " Masonry Construction," loth Ed., p. 493* 
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Table 176.— Continued 

where 


$ — ansfle of surcharge. 

0 «• angle of internal friction. 

Diagram i gives the values of C. for various values of 6 and 6. It should be 

noted that P is parallel to the surface AB, when d is either positive, or lero; 

and that it acts at a point D, ^ above C, or in other words, CD (f) 



Diagram i. 


When « - then 
When $ o 


in which 


P — HwA* • cos ^ 



2 


C: - tan* (45* - 

The following table gives values of C/ for varying values of 


4 

C/ 

* 

C.' 

20* 

0.490 


0.3333 ! 

35* 

0.406 

35* 

0.2710 1 



D 

n 

D 


HHH 

so* 

0.1325 

43 * 

1 0.17x8 1 

55 * 

0.0994 
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Table 177.— Distribution of Base Pressure 
Note .—Rv ~ total resultant vertical pressure on base. 
A « area of base. 
b = width of base (toe to heel). 


Distance of R fromToe m per cenf of b, 



Base pressure distribution. 
(Toe pressures.) 


In abutment design resultant pressure should be near center of 
base to produce even settlement under vibrating loads where soil is 
compressible. 

In retaining-wall design on compressible soils resultant should 
never be outside of middle third even if toe pressure can be safely 
increased. 

On rock foundations resultant can fall outside of middle, third pro¬ 
vided toe pressure docs not exceed safe crushing strength of xnatenals. 

Heel pressure =* — toe pressure. 

Table I77i4 gives useful data for figuring base pressure under 
abutments, and the appended explanation (p. 1047) explains in detail 
the method of figuring base pressure. 
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Table ijtA. —Useful Data for Computation of Base Pres¬ 
sure UNDER Abutments 


Approximate pressure per linear foot length of abutment due to 
weight of superstructure and live load for different spans 



H-is loading 

H-20 loading 

Span, feet 

. 

Dead 

load, 

pounds' 

Live 

load, 

p«3unds* 

Dead 

load, 

pounds' 

I ive 
lf)ad. 
pounds- 

Concrete slabs: 





s 

Soo 

2.700 

600 

3.600 

10 

1.000 

2.700 

1.300 

3,600 

15 

1.800 

2.700 

2,300 

3.600 

20 

2 900 

2.700 

3.600 

3,600 

25 

4.000 

2.700 

5 .100 

3.600 

Steel I-beam bridges; 





30 

3.500 

2.700 

4.400 

3.600 

3 S 

4.200 

1 2.700 

5.300 

1 3.600 

40 

5.000 

1 2,700 

6.200 

1 3.600 

4 S 

Girders and trusses; 

5.700 

1 2.800 

7 .100 

i J.700 

50 

3.500 

, 3.000 

4.400 

I 4.000 

7 S 

5.boo 

1 3.600 

7,000 

5.400 

100 

7.«oo 

1 4.300 

9.700 

1 6.500 

ISO 

10.400 

! 5.600 

13.000 

8.500 

200 

14,000 

6.400 

17.500 

I 9,600 


‘ Deadload equals weight f'j superstructure divided by length of abut¬ 
ment. No fill over slab. 


> Live load assumes back wheels of trucks directly over abutmerit with 
^ % impact up to 45' span. Beyond 4s' span uniform live load given in 
Table 173 is used. One-half total live load divided by length of abutment. 

Approximate horizontal earth pressure against back of abut¬ 
ment assuming equivalent live load of 150 lb. and that earth weighs 
100 lb. per cubic foot. 

P = 15^* (modified Rankinc). 

P = total horizontal earth pressure per foot length of abutment 
applied h above bottom of foundation concrete. 

h =■ vertical distance in feet from bottom of foundation to a level 
above the roadway surface of the bridge floor. 


A, IQ feet 

P, in pounds j 

1 

h, in feet 

P , in pounds 

5 

375 

16 

3.840 

6 

540 

17 

4..33S 

7 

735 

18 

4.860 

8 

960 

19 

S.41S 

9 

1.215 

20 

6.000 

10 

I. SOO 

21 

6.61S 

II 

X.815 

32 

7,260 

13 

3.160 

23 

7.035 

13 

2.460 

24 

8.640 

14 

2.840 

25 

9.375 

X5 

3.37S 

26 

10,140 



27 

10.935 



28 

11.760 



29 

12.615 



30 

X 3 .SOO 
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Base-pressure Computations.—Retaining walls and wings 
consider horizontal earth pressure. Abutment design for slab 
bridges less than 20' spans where the slab is doweled or keyed 
into the abutment generally consider vertical loads only on the 
assumption that the slab acts as a brace and neutralizes horizontal 
earth pressure (see Figs, and 69B, Chap. IV), but for all spans 
where the superstructure is designed with expansion and contrac¬ 
tion bearings the horizontal earth pressure is considered. The 
following example illustrates the design of abutments where 
horizontal as well as vertical pressures are considered. 

Kxample of Base-pressure LOMputaiions for Bridge Abutfnetiis. 

45' clear span I-bcam superstructure. 

H-20 loading. Depth floor system 3' 00". 


Surcharge Elev^ 

I 2 

“IT ^ 


Poacf Srade 




/ / // 
h*l 5 . 0 e\ 

1 I Jfr-Jeoof 


B r/p S.W 


J.O' 

i ^/Gp ofdbufmen^ 

V (Bridge SecihJ 

FdceBaHer J2 on J 

k 

Bed 


s.r 


2nd. Row Piles k 


'Ffrra! Toe Exiension 

C. rf Design (Pile Foundafion) 
-■ ^^ Area Abuimen! 


Spaced S'c. foe. 

Heel Pressure — 
.1300 Ib. per sq.ft 
(y'Ob "Base) 


- Area Abutment 

i,siPo.P,hs 


Ij* P O&c.fo c. Cone. PHo Foondictifon 

lit S3s<i.flCrO'hafe) 

'!y3800fb.persq.ft. ^ 

‘ Toe Pressure (J'OS Base) 



TntensityHalf-Wag j , .. ._ 

between Piles Bcis« Pressure Diaqrarn(T'06”Base) 
3000llxporsc,.H ^ 


2nd. Row of P//{*j——k 
Spaced 2^/0" ■' 

for IS-ton Load 


TT, ht Row of Piles 
. spacedP'03*tvr 

llR'l /S-hnLoad 


Trial Pile 
Spocinq Diagram 
(TO^Bose) 

Trial design bridge a. Road igx. New York State. 
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Section of abutment as shown. 

The steps to be gone through are as follows: 

1. Trial abutment section. 

2. Determine the amount and location of the vertical forces 
acting on the abutment. 

3. Determine the amount and location of horizontal forces 
acting on the abutment. 

4. Determine the amount and location of the resultant pressure 
on the base. 

5. Determine the toe and heel intensity of pressure on the base. 

6. Pile spacing if piles are required. 

7. Test tor horizontal slip. 

8. Final abutment section. 

1. Trial Abutment Section .—Trial dimensions can be closely 
approximated from standard designs (sec Chap. I\^). The usual 
rules for trial dimensions call for a minimum width of abutment 
at the top of footing course (level with stream bed) of from 0.4 to 
0.45A, where h equals the vertical height from the top of the fcK>ter 
course to the road surface, plus 1.5' equivalent surcharge. The 
total width of the bottom of the footer course is generally about 
o.$h! for ordinary soils, 0.45A' for pile foundations, or gravel and 
al^ut 0.4V for hardpan or rock where equals the vertical height 
bottom of footer to road grade plus 1.5' surcharge. 

It is desirable to keep the resultant of all forces near the center 
of the base of the footer on compressible soils, so that if settlement 
does occur the abutment will not tip forward and under no circum¬ 
stances should the resultant fall outside of the middle third of the 
footer base where the foundation is ordinary soil or piles. To 
keep the resultant well inside the middle third a face batter of 
from I to 3" per foot of height is used with a toe footer extension. 
Where rock or hardpan foundation soil is encountered (non- 
compressible) it is j>ermissiblc to permit the resultant to fall at the 
limit of the middle third of the footer base or slightly outside the 
middle third so long as the toe pressure does not exceed the safe 
bearing value of the rock or concrete. These conditions result in a 
smaller toe extension or in a vertical face. Bridge seat widths 
and thickness of back walls depend on type of bridge and depth 
of floor system (see Chap. IV). 

2. Vertical Forces. —The amount and location of the vertical 
forces per linear foot of abutment are next determined. These 
vertical forces consist of the live and dead superstructure loads 
Vi and Vt located at the middle of the bridge seat. From Table 
177A, V\ ** 3700 lb., Fj = 7100 lb. located 4.0' from the line JA. 

The other vertical loads are merely the weight of concrete and 
earth directly over the base allowing for the equivalent live load 
surcharge and arc located at the centers of gravity of the areas. 
These forces are determined by getting the areas of the earth load 
and multiplying by 100 lb. per cubic foot and the areas of concrete 
and multiplying by 150 lb. per cubic foot. The location of the 
center of gravities of the various areas are determined as given in 
Table 170 (p. 1031). 
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In this way the following earth and concrete forces were deter¬ 
mined 


Vi ■■ 4SOO lb. located 3.75' from line JA (area ABGHA), 

Vi •• 3700 lb. located 3.5' from line JA (area CDEFC), 

Vi “ 1350 lb. located 1.5' from line JA (area IJKDI), 

Vi — I 32 S lb. located i.i' from line JA (area BIDCB), 


3. Horizontal Force. —Horizontal earth pressure by Rankine*s 

formulas can be approximated from Table 177^, which for h! 
15' = approximately 3600 lb. per linear foot of abutment 

located = 5.1' above the line AH. 

4. Location and Amount of Vertical Resultant. —The total amount 
of the vertical resultant is merely the sum of the vertical forces 
V\ to V'e inclusive, and equals 21,600 lb. jRTi extreme maximum 
or 17,900 lb. RV^ exclusive of superstructure live load. 

The location of the resultant is determined by taking moments 
about the point A as follows: 


Vx 

3.700 X 4 0" 

Foot-pounds 
“ 14.R00 

Vi 

7 100 X 4 0 

■■ 

28.400 

Vi 

4.S00 X 3.7s 

— 

16.87s 

Vi 

3.700 X 3-5 


12.950 

Vi 

I.3S0 X i.S 


2 025 

Vi 

1 . 225 X 1.1 

BO 

I 350 

HI 

3.600 X 5.1 


18.360 


Max. total — 94.760 

Total exclusive of live load Vi “ 79.960 


Hie locations of and RV2 are, therefore. 

Distance RVi from A along line AH — — - J — = 4.4'. 

21,600 

70 060 

Distance iSTi from A along line AH — —- « 4.5'. 

17,900 

That is, for this abutment both conditions of loading give 
practically the same location of resultant, and it is only necessary 
to investigate toe pressure for the maximum load condition /?Fi. 

5. Intensity of Pressure on Toe and Heel of Abutment Foundation. 
The average pressure on the base per square foot equals the total 
vertical pressure RVi (21,600 lb.), divided by the area of the base 

7.5' width X i' length * = 2880 lb. per square foot ** 

7*5 A 

2RV 

Twice the average pressure ■ =* 5760 lb. per square foot. 

The distance of the resultant RTi from the toe eauals 7.5' — 4.4' 
« 3.1' and 3.1' is 41% of the total base width ^4^(7.5'). 

From Table 177 the intensity of the toe pressure where the 
resultant is 41% of the base width from the toe is 70% of 

(5760 lb.). Toe pressure therefore equals 70% of 5760 lb. 

3820 lb. per square foot. 
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Heel pressure equals 30% of 5760 lb. = 1940 lb. 

With these two values the base-pressure diagram is constructed as 
shown in the fi^re (p. 1047). 

An examination of Table 178 shows that the trial design is safe 
for all ordinary soils. If coarse gravel, stiff dry clay, hardpan, or 
rock is encountered the toe extension can be safely reduced 6 to 12" 
till the toe pressure rises to a reasonable value for the stiller soils. 
If unstable foundation is encountered, piles will be required. 

6. Pile Layout .—Common pile spacing along single rows varies 
from 2^06" to 3'06" with 3' common practice. Distance between 
rows of piles varies from 2'06" to 4' with 3' common practice with¬ 
out special reinforcing in the concrete. Table 179 shows the maxi¬ 
mum desirable pile load for a structure of the character at about 15 
tons. 

The width of base in this abutment limits us to two rows of piles 
It is desirable to have the piles in each row carry about the same load 
per pile to equalize settlement. This is accomplished by a study of 
the base-pressure diagram with different location and spacing of 
piles. The front row of piles is never less than r8" center of pile to 
toe. Here 21" will be assume<l with 3'oV' between the first and 
second rows of piles. The first row of piles then carries the load 
area of the base diagram (p. 1047) TVV\\\ which equals, 

2.3' = 11,200 lb. per foot length of abutment. 

= 5.6 tons per foot length of abutment. 


Assuming the piles carry all the Uiad and that a load of . 5 
pile is reasonable, this would re(iuire a f)ile e\ cry 2' 08" ( 


tons per 


The second row of piles carries the load area 


STWX = — X 4.2' = 10,690 lb. per foot length 

= 5.3 tons per foot length, 

which would reauire a pile every 2' 10”. 

Considering that all earth-pressure formulas are indefinite and 
that the underlying soil carries some of the load, it would be entirely 
safe to reduce the toe extension to 18", place the first riw of piles 
18" from the toe spaced 2' 06" C. to C. Place the second row 3' back 
of the first row and space the piles in the second row 3' o" C. to C., 
which reduces the cost about lioo to $200. 

Resistance to Horizontal Slip. —See Table 180 (p. 1052), using a 
factor of safety of at least 2 and perfcrably 3. 

Modi^tion of Trial Abutment Section.—Modifications are 
usually limited to change in toe extension length to produce reason¬ 
ably high toe pressure for non-compressible hardpan and rock. 

Depths of Foundations.—The following tabulation indicates 
minimum depth of foundations for small bndges. 
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Minimum Depth of Bottom Concrete Foundations below 
Stre.vm Bed. (Small Span Bridges) 


Abutments 

Piers 

Ordinary soils. . . 

0 0 

6.0' 

Hard pan. 

4.0' 

Shale r(5ck.... 

. . 2 o'-f 

30' 

Solid rock. 

. . 0.5 below surface 

1.0' 


of solid rock 



Table 178.—Safe Load on Foundation Soils in Tons (2000 lb. 
PER Square Foot of Bearing Area) 


:- 

Authority 

Quicksand and 
alluvial silt 

Clean, dry sand 

Confined sand 
and fine gravel 

Coarse gravel 

Ordinary* mixture 
santl and clay 

Soft, damp clay 

Dry clay 

Cemented gravel 
or hardpan 

Soft rock 

Hard rock 

Baker's “Founda¬ 
tions” . 

Hool and Johnston. . 

Ketchum. 

State of Iowa. 

State of Washington. 
New York Building 

Code. 

Division New York 
Slate Highway. 

h 1 2 4 . • . . 1 I 4 ' 8 : 5 25 1 

2-4 4 ...!.1-24-88-105-1015 30; 

. 13 ' 4 4-5 2 '. , . 3-4 ... I 8 20 ' 

... .'.. .i 3 1 3 1.5 '.. .’ 3 ' S > 7 25 

0 3 3 -3?>2 4-7 1.^2“ 2 0-2 3-5 S-8 8-1S 25 ! 

. 3 ' 4 , 4 214 1 1 ^ 

j 2 3 4-5 4 I 3-4 * 1 j 


* Confined. 


Table 17Q.—Design Load on Piles (Tons per Pile) 


Type uf structure 

1 Type of 
pile 

Ordinary 

load 

Extreme 

maximum 

load 

Slab girder or trusses. 

.i Timber 

12-15 

20 

Slab girder or trusses. 

. Concrete 

25 

30 

Trestles and viaducts. 

.1 Timl)or 

IS 

20 

Trestles and viaducts. 

.' ('oncrote 

25 

30 

Arches or continuous girders. . 

. Timber* 

10-12 

IS 

Arches or continuous girders.. 

.j Concrete* 

20 

25 


’ Pile# for these structures to be driven to practical refusal (seep. I 339 . 
Tart 2), 2S- to 30-ton resistance. 

Note. —For minimum dimensions of oiles sec Specifications (p. i 5 oO* 
Flic spacing generally 3 to 3H' C. to C. Maximum 4' without special 
reinforcing design. Spacing closer than worthless. Increase sise of 
footer to get minimum spacing of aH'. 
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Table i8o.—Suding Friction Resistance 

Resistance to sliding varies for different materials and depends 
on the pressure between the two surfaces. The following data 
gives common values for the coefficients of friction. To get the 
resistance to sliding, multiply the proper coefficient by the pressure 
normal to the plane of contact. A factor of safety of 2 to 3 is 
usually stipulated for retaining-wall and abutment design. 


Coefficients of Friction^ 


Materials 

Coefficients 

Materials 

Coefficients 

Dry masonry on dry 


Masonry on dry clay. 

0.5 to 0.6 

masonry. 

0.6 to 0.7 

Masonry on moist 


Masonry on masonry 


clay. 

0.33 

with wet mortar... 

0 . 7 S 

Earth on earth. 

0.25 to I .0 

Timber on stone_ 

0.4 

Hard brick on hard 

Iron on ston#*. 

0.3 to 0.7 

brick. 

0.7 

0.6s 

1 

Timber on timber... 

0.2 too.s 

Concrete blocks on 
concrete blocks. 


1 Kctchum’s Highway Bridges. 


COEPFICEENTS AND ANGLES OP FrICTION BETWEEN EaRTH AND 
Other Materials^ 


Materials 

/ - 

tan ^ 



o.6s 

0 .60 

1 0 50 
' 0.50 

1 0.33 
0.40 
0.60 

33 * 

31 * 

26* 40' 
26* 40' 

18* 20 ' 
21* so' 
31 * 

Masonry upon wood, with grain. 

Masonry upon wood, across grain. 

Masonry on dry clay. 

Masonry on wet clay. 

Masonry on sand. 

Masonry on gravel. 


‘ Hool & Johnson. Concrete Eng. Handbook. 


Table i 81.—Pressure Wet Concrete against Forms 

Vertical load, 150 lb. per cubic foot concrete plus 50 lb. live 
load per square foot. 

Horizontal fluid pressure: 

85 lb. per cubic foot for mass concrete. 

130 lb. j^r cubic foot for thin walls and slab and girder con¬ 
struction* 

Note. —For typical standard forms see chapter on Constructioii 
and Inspection (pp. 1346 to 1353). 


















EXPANSION 1053 

Table 182.—Coefficients of Expansion and Contraction 
OF Mortar and Concrete 


Coefficients for steel, 0.0000065 



Mortars 

Concretes 


Coefficient of expan- 


Coefficient of expan- 

Mixture 

sion per det^ree 
Fahrenheit 

Mixture 

sion per de^ee 
Fahrenheit 

Neat 

0.000.007,83 

i:iH :3 

0.000,006,77 

i: I 

0.000,007,43 

1:2 -.4 

0.000,006,60 

1:2 

0.000,006,00 

i: 2 H:S 

0.000,005,58 

1:3 1 

1:4 

i:S 

0.000.006,0s 

0,000,005.94 

0 . 000 , 005,77 

1:3 :6 1 

0 . 000 , 005,37 


Table 183.— Temperature Stresses 

Stresses are generally figured for 40° above and below mean 
temperature. 

For slabs, beams, etc., with confined ends and no movement of 
ends the stress per degree change in temperature can be computed 
by multiplying the modulus of elasticity, Table 171^4, by the coeffi¬ 
cient of expansion and contraction, Table 182, of the material in 
question.’ 


Approximate Temperature Stress in Concrete Beams and 
Slabs (Confined Ends) 


Change in Tempera¬ 
ture, Degrees 


Approximate Stress per Square 
Inch, Pounds 


o 

10 

20 

30 

40 

SO 


o 

120 

240 

360 

480 

600 






I0S4 
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Table 184. —Wire and Wire Gages 
Sizes and Weights of Steel Wire 
American Steel and Wire Co/s Gage 


Numoer 
of gage 

Diameters 

Sectional 

area, 

square 

inch 

Weight 

Num¬ 
ber of 
feet per 
per 

pound 

Frac- j 
tions I 
of inchj 

Deci¬ 
mals 
of inch 

Milli¬ 

meters 

Pounds 

per 

foot 

Pounds 

per 

mile 


H 

0.5000 

12.70 

0.1963s 

0 6668 

3521 

1 .500 

0000000 

.... 1 

0 .4900 

12.4s 

0.18857 

0.6404 

3381 

1.562 



0.46875 

11.91 

0.17257 

0.5861 ' 

3094 

1.706 

000000 


0.461s 

11.72 

0.16728 

0.5681 

2999 

1.76 


JlS 1 

0.4375 

11. II 

0.15033 

0.5105 

2696 

1.959 

00000 

.... 1 

0.4305 

10.93 

0.14556 

0.4943 

2610 

2.023 


‘>32 ' 

0.4062s 10.32 

0.12962 

0.440a 

2324 

2.272 

0000 

• . • ■ ! 

0.3938 

10 00 

0.12180 

0.4136 

2184 

2.418 


>8 1 

0.3750 

9.525 

0.1104s 

0.3751 

1980 

2.6^ 

000 


0.362s 

9.2075 

0.10321 

0.3505 

1851 

2.853 


‘Ma ; 

0.34375 

8-731 

0.092806 

0 3152 

1664 

3.173 

00 

.... ;o 3310 

8.407 

0 086049 

0.2022 

1543 

3.422 



0.312s 

7.938 

0.076699 

0.2605 

1375 

3.839 

0 

.... io 306s 

7.78s 

0.07378a 

0.2506 

1323 

3 991 

I 


0.2830 

7. 188 

0.062902 

0.2136 

1128 

4.681 


>32 

0.2812s 

7.144 

0.062126 

0.2110 

II14 

4.74 

2 

.. . jo.262s 

6.668 

0.054119 

0.1838 

970.4 

5.441 


0 

0 

0 

6.350 

0.049087 

0.1667 

880.2 

5.999 

3 


0.2437 

6 190 

0.046645 

0. 1584 

836.4 

6.313 

4 


0.2253 

5.723 

0,039867 

0.1354 

7148 

7.386 


>3 2 

0.21875 

5.556 

0.037583 

0.1276 

673.9 

7.835 

5 


0.2070 

5 258 

0.033654 

0.1143 

603.4 

8.750 

6 


0.1920 

4 877 

0.028953 

0.09832 

519.2 

10.17 


>1 fl 

0. 1875 

4 - 763 

0.027612 

|o 00377 

495-1 

10.66 

7 


0.1770 

4.496 

0.024606 

[0 08356 

441.2 

11.97 

8 


0.1620 

4. 115 

0 020612 

0.07000 

369.6 

14-29 


Hi 

0.15625 

3 969 

0.01917s 

0.06512 

343 8 

15.36 

9 


0.1483 

3.767 

0.017273 

0.05866 

309.7 

17.05 

10 


0.1350 

3.429 

0.014314 

0.04861 

256.7 

20.57 

. 


0.125 

3.175 

0.012272 

0.04168 

220.0 

24.00 

11 


0.1205 

3 061 

0.011404 

0.03873 

20.1.5 

25.82 

12 

.... 

0 .1055 

2.68 

0.0087417 

0.02969 

156.7 

33.69 


Hi 

0.09375 

2.381 

0.0069029 

0.02344 

123.8 

42.66 

13 


0 ■ 0915 

2.324 

0.0065755 

0.02233 

117.9 

44.78 

14 


0.0800 

2.032 

0.0050266 

0.01707 

90.13 

58.58 

IS 


0.0720 

1 1.829 

0.00407 IS 

0.01383 

73 01 

72.32 

16 

Ms 

0.062s 

I 1.588 

0.0030680 

0.01042 

55 01 

95 98 

17 


0.0540 

1.372 

0.0022902 

0.007778 

41.07 

128.60 

18 


0.0475 

! 1.207 

0.0017721 

0.006018 

31.77 

166.20 

19 


0.0410 

j 1.041 

0.0013203 

0.004484 

23.67 

223.00 

20 


0.0348 

0.8839 

0.00095115 

0.003230 

17.05 

309.60 

21 


0.0317 

0.8052:0.00078924 

0 002680 

14 IS 

373 10 


Hi 

0.03125 

0.7938 0.00076699,0.00260s 

13.75 

383.00 

22 


0.0286 

0.7264 0.00064242I0.002182 

11.52 

458.40 

23 


0.0258 

0.6553 0.00052279(0.001775 

9.374 

- 563 . 30 

24 


0.0230 

0.5842^0.00041548 0.001411 

7.4s 

708.70 


For iron wire multiply columns 6 and 7 by 0.98. 

For copper wire multiply columns 6 and 7 by l.ia. 

For other wire gages see next pa^. 

Notb . —Tables 184 and 185 from American Civil Engineers’ Pocketbook* 
John Wiley St Sons Co. 
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Table 184^!. — Com*ARisoN or Standard Gages 




Thickness in decimals of an inch 



Number 

of 

gage 

Bir¬ 

ming¬ 

ham 

Browne 

& 

Sharpe 

United 
States 
Standard 
Plate Iron 
and Steel 

British 

Impe¬ 

rial 

Ameri- , 
can 

Steel & 
Wire 

Tren¬ 

ton 

Iron 

Co. 

Stubs 

steel 

wire 

0000000 

000000 

00000 

0.500 

0.58 

0.516s 

0.500 

0.4687s 

0.4375 

0.500 

0.464 

0.432 

0.4900 

0.461s 

0.430s 

0.4s 


0000 

0-454 

0.46 

0.4062s 

0.400 

0.3938 

0.40 


000 

0.425 

0.40964 

0.375 

0.372 

0.3625 

0.35 


00 

0.380 

0.3648 

0 .34375 

0.348 

0.3310 

0.33 


0 

0 340 

0.32486 

0.312s 

0.324 

0.306s 

0.30s 


I 

0.300 

0.2893 

0.28125 

0.300 

0.2830 

0.28s 

0.227 

a 

0.284 

0.25763 

0.26562s 

0.276 

0.2625 

0.26s 

0.219 

3 

0.259 

0.22942 

0.25 

0.252 

0.2437 

0.245 

0.212 

4 

0.238 

0.20431 

0.234375 

0.232 

0.2253 

0.225 

0.207 

5 

0 220 

0.18194 

0.21875 

0.212 

0.2070 

0.205 

0.204 

6 

0.203 

0.16202 

0.203125 

0.192 

0.1920 

0.190 

0.201 

7 

0.180 

0 14428 

0.1875 

0.176 

0.1770 

0.175 

0.199 

8 

0.165 

0,12849 

0.171875 

0.160 

0.1620 

0.160 

0.197 

9 

0.148 

0.11443 

0.15625 

0.144 

0.1483 

0.145 

0.194 

10 

0.134 

0.10189 

0.140625 

0.128 

0.1350 

0.130 

0.191 

11 

0.120 

0.090742 0.125 

0.116 

0.1205 

0.1175 

0.188 

12 

0.109 

0.080808 0.109375 

0.104 

0.1055 

0.1050 

0.185 

13 

! 0 095 

0 071061|o.09375 

0 092 

0.0915 

0.0925 

jo. 182 

14 

0.083 

o.o64o84'o.078125 

0.080 

,0.0800 

0.0800 

!o.180 

15 

0.072 

0.057068 0.0703125 

0 072 

0.0720 

0 0700 0.178 

16 

i 0.065 

0.05082 

0.0625 

0.064 

'0.062s 

0.06100.175 

17 

, 0.058 

0.04525710.0.5625 

0 0 S 6 

0 0540 

0 0525,0.172 

18 

i 0.049 

0.040303 

0.05 

0 o.;8 

0 0475 

0.0450 0.168 

19 

0 042 

0.03589 

0.04375 

0 040 

0 0410 

0 0400 0.164 

20 

0 035 

0.031961 

0.0375 

0.036 

0 0348 

0.0350,0.161 

21 

0.032 

0.028462 0.034375 

0 032 

,0 03175 

0.0310 0.157 

22 

0.028 

0 . 025347 !o.03125 
0.0225710.028125 

0 028 

0 0286 

0.0280 0.15s 

23 

0.025 

0 024 

0.0258 

0.0250 0.153 

24 

0.022 

0.0201 

0.025 

0 022 

0.0230 

0.0225;0. 151 

25 

0 020 

0.0179 

0.021875 

0 020 

jo.0204 

0.0200 0. 148 

26 

0.018 

0.01594 

0.01875 

0.018 

0.0181 

0.0180 0.146 

27 0.016 

0.014195,0.0171875 

0.0164 0.0173 

0.0170 0.143 

28 

0.014 

0.012641 0.015625 

0.0148 0.0162 

0.0160 0.139 

29 

0.013 

0.011257 

0.014062s 

0.0136 o.oiso 

0.0150 0.134 

30 

0.012 

0.010025 

0 . 0 I 2 S 

0.0124 0.0140 

0.0140 0.127 

31 

0.010 

0.008928 

0.0199375 

o.oi 160.0132 

O.OUO'O. 120 

32 

0.009 

0.00795 

0.0101562s 

0.0108 0.0128 

0.0I20'0. 115 

33 

0.008 

0.00708 

0.009375 

0.0100 0.0118 

0.0110 0.112 

34 

0.007 

0.006304 

0.00859375 

0.0092 0.0104 

0.0100 

0. no 

35 

0,005 

1 0.005614:0.0078125 

0.0084 0.0095 

0 .0095 

0.108 

36 

0.004 

0.005 

0.00703125 

0.0076 0.0090 

0.0090 

0.106 

37 


0.004453 !o. 006640625 

o.oo68jo. 0085 

0.008s 

0.103 

38 


0.003965 

0.00625 

0.0060 0.0080 

0.0080 

0.101 

39 

40 


0.003531 

0.003144 


0 . 0052 !o. 007 S 

o.oo48|0.oo7o 

0 . 007 S 

0.0070 

0.099 

| 0.097 


In the U. S. Standard, the numbers correspond to the weight in ounces per 
square teet and an equal number of 640ths of an inch in thickness. 













Table 1845.—National Steel Fabric Standard Styles 
For buildings and other structures—cement gun work, beam wrapping, temperature reinforcement, 

canal lining, levee work, concrete pipe, etc. 
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Table 184C. —Area in SgirARE Inches per Foot of Width for Various Spacing of Wires 
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Table 184D.—Approximate Weights per ioo Sq. Ft. 
Longitudinal wires 


Ga^e 

wires 

Center to center spacing of longitudinal wires, in inches 

2' 


3" j 

1 

4' 


s' 

i 

1 

6" 

■0" 1 

12" 

6-0 

352 

22 

238.60 

181 

79 

147 

7. 

124 

98 

79 

S3 

68,17 

5-0 

306 

47 

207.61 

158 

18 

128 

52 

108 

75 

69 

20 

59.32 

4-0 

256 

43 

173.71 

132 

35 

107 

54 

90 

99 

57 

90 

49.63 

3-0 

217 

31 

147.21 

1 12 

16 

91 

13 

77 

11 

49 

07 

42.06 

2-0 

181 

r6 

122.72 

93 

50 

75 

07 

64 

28 

40 

91 

35.06 

0 

155 

37 

105.25 

80 

19 

65 

16 

55 

13 

35 

08 

30.07 

I 

132 

43 

89.71 

68 

35 

55 

54 

46 

90 

29 

90 

25.63 

2 

113 

9^) 

77.20 

58 

82 

47 

79 

40 

44 

25 

73 

22.06 

3 

98 

21 

66.53 

50 

69 

41 

18 

34 

85 

22 

18 

19.01 

4 

83 

95 

56.87 

43 

33 

35 

20 

29 

79 

18 

96 

16.2s 

5 

70 

87 

48.01 

36 

58 

29 

.72 1 

25 

IS 

16 

00 

13.72 

6 

60 

96 

41.29 

31 

.46 

25 

.56 1 

21 

63 

13 

76 

11.80 

7 

Sr 

81 

35.10 

26 

.74 

21 

.73 1 

18 

38 

11 

70 

10.03 

8 

43 

40 

29.40 

22 

.40 

18 

. 20 i 

IS 

40 

9 

80 

8.40 

9 

30 

37 

24.64 

18 

• 7 7 

IS 

25 

I 2 

91 

8 

,21 

7 .04 

10 

30 

14 

20 42 

IS 

.56 

I 2 

.64 

10 

69 

6 

.81 

5.83 

II 

24 

01 

lO .27 

12 

.39 

10 

.07 

8 

52 

5 

.42 

4.b5 

I 2 

18 

41 

12 47 

9 

.50 

7 

72 1 

6 

53 

4 

. 16 

3 56 

13 

13 

84 

9.38 

7 

IS 

5 

.81 

4 

91 

3 

13 

2.68 

i 14 

1_ 

10 

58 

7.17 

5 

.46 

4 

.44 

3 

76 

i ’ 

.39 

i 2.05 

1 


Transverse wires 


Gap 

Center to center spacing of transverse 

wires, in inches 

wires 

7" 

4" 

6" 

8" 

12" 

16" : 

0 

155.37 

77.69 

51.79 

38.84 

25.89 

19.42 

I 

132.43 

66,22 

44.14 

33 . I I 

2J 07 

16.55 

2 

113.96 

56.98 

37.98 

28.49 

18 99 

14.24 

3 

98.21 

49.10 

32.74 

24.5 s 

16.37 

12.28 

4 

83.9s 

41 .97 

27 98 

20.99 

13.99 

10.49 

5 

70.87 

35 43 

23 61 

17.72 

II .81 

8.86 

6 

69.96 

30.48 

20.32 

15.24 

10.16 

7.62 

7 

SI .81 

25.90 

17 27 

12.95 

8.63 

6.48 

8 

43.40 

21.70 

14.47 ! 

10.85 

7.23 

543 

9 

36.37 

18.18 

12.12 

9.09 

6.06 

4 55 

10 

30.14 

15.07 

10.05 - 

7.53 

5.02 

3.77 

11 

24.01 

12.01 

8 00 

6 .00 

4.00 

3.00 

12 

18.41 

9 20 

6.13 

4.60 

3 07 

2 30 

13 

13.84 

6.92 

4 61 

3 46 

1 2.31 

1.73 1 

14 

' 10.58 

i 

5.39 

3. S3 

2 .65 

I .76 



Above weights to be used in computing the weights per lOO sq. ft. of 
National steel fabric. 

Example .—Weight per lOO so. ft. of 6 by 12 " fabric with longitudinal 
wires No. 0, transverse wires No. 6. Add to weight of longitudinal wire 
No. o spaced 6" (55-1.3 lb.), the weight of transverse wire No. 6 spaced 12 '' 
(10.16 Id.), making total of 65.29 lU per xoo sq. ft. 




185. —Weights op Expanded Metal 
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Table 186.- 

BAR REINFORCEMENT IO^ 

—Table of Round and Square Bar Weights ^ 

Round Bars 

l| Plain Square Bars and Twisted 
II Square Bars 

Diameter 

Area 

Weight Dimension Area 

Weight 

i 

.0491 

.167 } .0625 

.212 

A 

.0767 

.261 A .0977 

•332 

! 

.1104 

.376 I .1406 

.478 

A 

•1503 

.511 /fl .1914 

•651 

i 

.1963 

.668 \ .2500 

.850 

A 

.2485 

.845 A -3164 

1.076 

f 

.3068 

1.043 f .3906 

1.328 


.3712 

1.262 .4727 

1.607 

t 

4418 

1.502 1 .5625 

1-913 


•Si35 

1.763 .6602 

2.245 

i 

.6013 

2.044 i 7656 

2.603 

ii 

.6903 

2.347 ii .8789 

2.988 

I 

•7854 

2.670 I 1. 0000 

3.400 

li 

.9940 

3380 il 1.2656 

4*303 

li 

1.2272 

4.172 : i\ 1.5625 

5*313 

ii 

1.4849 

5.049 1 if 1.8906 

6.428 

ij 

1.7671 

6.008 ]| 2.2500 

7.650 

» Stock sizes of 1926 are printed in bold-face type. 



Corrugated Dara. 





Diamond Bar. ThacherBar. 

Diameters expressed in inches. Areas expressed in square inches. 
Weights expressed in pounds per foot of length. 

The twistea square bar is known as the Ransomc Bar. 

Corrugated bar weights very ciosely approximate the weights given for 
the plain bars. See makers catalogue for any special brand. 

Steel Beams. —Tables 187 and 188 give data on the strength of 
steel beams. To avoid objectionable deflection in bridge floors the 
following specifications for minimum depth of stringers, girders 
and trusses indicate the desirable minimum depths of steel beams. 
Depth Ratios of Steel Floor and Truss Members^ 

Trusses preferably not less than Ko of span 

Plate orders preferably not less than H a of span 

Rolled beams used as girders preferably not less than Ho of span 

If less depth is used section area to be increased so that deflec¬ 
tion is not greater than if these limiting ratios had been used. 

^ Amarioan Soo. Spedfications xpas* 
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Table i 87 - 4 .—Properties of Cambria Standard I-beams^ 


Depth of 
Beam 

W^ht per 
Foot 

Area of 
Section 

Thick¬ 
ness of 
Web 

Width of 
Flange 

For Fiber Stress 
of 12,500 lbs. per 
Sq. In. for Bridges 

Inches 

Pounds 

Sq. Inches 

Inch 

Inches 

Coefficient of 
Strength 

3 

5-50 

1.63 

•17 

2-33 

13.790 i 

3 

6.50 

I.91 

.26 

2.42 

14,950 

3 

7*50 

2.21 

•36 

2.52 

16,180 

4 

7 -So 

2.21 

.10 

2.66 

24,850 

4 

8.50 

2.50 

.26 

2.73 

26,480 

4 

9-50 

2.79 

•34 

2.81 

28,110 

4 

10.50 

3-09 

.41 

2.88 

29,750 

5 

9-75 

2.87 

.21 

3.00 

40,300 

5 

12.25 

3.60 

•36 

315 

45,390 

5 

14-75 

4-34 

•50 

3-29 

50,490 

6 

12.2$ 

3.61 

•23 

3-33 

60,520 

6 

14-75 

4-34 

•35 

3-45 

66,610 

6 

17-25 

S-07 

•47 

3-57 

72,740 

7 

15.00 

4.42 

•25 

3.66 

86,260 

7 

17-50 

5-15 

•35 

376 

93,290 

7 

20.00 

5-88 

.46 

3.87 

100,430 

8 

18.00 

5-33 

-27 

4.00 

118,490 

8 

20.25 

5 96 

•35 

4.08 

125,400 

8 

22.75 

6.69 

.44 

4.17 

133,570 

8 

25-25 

7-43 

•53 

4.26 

141,740 

9 

21.00 

i 6.31 

1 -29 

4.33 

157,260 

9 

25.00 

7.35 

.41 

4.45 

170,260 

9 

30.00 

8.82 

•57 

4.61 

188,640 

9 

35-00 

10.29 

•73 

4.77 

207,020 

10 

25.00 

7-37 

•31 

4.66 

203,500 

10 

30.00 

8.82 

•45 

4.80 

223,630 

10 

35-00 

10.29 

.60 

4-95 

244,050 

zo 

40.00 

11-76 1 

•75 

5-10 

264,480 

13 

31-50 

9.26 

•35 

5-00 

299,740 

12 

35-00 

10.29 

.44 

5-09 

317,030 

12 

40.00 

11.76 

•56 

5-21 

341,540 


^ 191a Standards. 
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Table 187. —Continued 


Depth of 
Beau 

Weight per 
Foot 

Area of 
Section 

Thick¬ 
ness of 
Web 

Width of 
Flange 

For Fiber Stress 
of 12,500 lbs, per 
Sq. In. for Bribes 

Inches 

Pounds 

Sq.Inches 

Inch 

Indies 

CoefEcient of 
Strength 

IS 

42.00 

12.48 

.41 

5-50 

490,840 

IS 

45.00 

13-24 

.46 

5-55 

506,490 

IS 

50.00 

14.71 

•Sb 

5 -b 5 

537,130 

IS 

SS-oo 

16.18 

.66 

5-75 

567,770 

IS 

60.00 

17-65 

•75 

sM 

598,410 

IS 

SS-oo 

iS -03 

.46 

6.00 

736,620 

18 ! 

60.00 

17-65 

-56 

6.10 

779,440 

18 

65.00 

19.12 

.64 

6.18 

816,200 

18 

70.00 

20.59 

•72 

6.26 

852,970 

20 

65.00 

19.08 

•50 

6.25 

974,600 

20 

70.00 

20.59 

.S8 

b.33 

1,016,490 

20 

75.00 

22.06 

•bS 

6.40 

1,057-340 

24 

80.00 

23-32 

•50 

7.00 

1,449,460 

24 

85.00 

25.00 

•57 

7.07 

1,505,430 

24 

90.00 

26.47 

•b 3 

/•13 

1,554,450 

24 

95.00 

27.94 

.69 

7.19 

1,603,470 

24 

100.00 

29.41 

•75 

7 - 2 $ 

1,652,490 


Explanation of the coej^icni of strength in the above table attd exam- 
pies showing use in practice. 

The coefficient of strength for each sized beam represents the 
maximum uniformly distributed load, in pounds, tliat will produce a 
fiber stress not exceeding 12,500 lb. per square inch multiplied by 
the span in feet. 

If the load to be investigated is a concentrated load it must be 
changed to an equivalent uniform load in order to use the values 
given. This is done by multiplying the concentrated load by 2. 

Example—Suppose that it is required to determine the size I- 
beam that will carry a 40,000-lb. load in the center of a 15' span and 
a uniformly distributed load of 20,000 lb. The coefficient of resist¬ 
ance for the concentrated load will be 2(40,000) X 15 = 1,200,000 
Uniform load 20,000 X 15 “= 300,000 

. 1,500,000 

The rcouircd beam must have a coefficient of resistance of 1,500,- 
000 plus the coefficient due to its own weight. A 24" beam weighing 
90 lb. ^r foot has a coefficient of 1,554,450. 

The team weighs 90 X 15 * 1350. The coefficient for the beam 
weight is 1350 X 1$ “ 20,250, which deducted from 1,554,450 gives 
a coefficient of 1,534,200, which is slightly greater than required and 
u safe. 
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Table 187B. —Bethlehem Stani>- 





W M Safe load in potmds, uniformly distributed, including weight of 
beam. 

L Span, in feet. 

if — Moment of forces, in foot pounds. 

/ ■■ Allowable fiber stress, in lbs. per square inch. 

5 «• Section modulus about axis XX. 

^ Axis XX parallel to flange. Axis YY parallel to web. 
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ARD I-BEAMS (1926 STANDARD) 


Coefficients of strength 

Maximum safe shear 
on web, in pounds 

Axis YY* 

Section number 

For fiber stress of 
16.000 lbs. per 

C) sq. in. Usual 
building code 
requirement 

For fiber stress of 
Pj 12.(WO lbs. per 
' sq. in. For mov¬ 
ing loads 

For fiber stress of 
r>) 18.000 lbs. per 

5 sq. in. For qui¬ 
escent loads 

Moment of 
" inertia 

^ Radius of 
' gyration 

0/ 

«=!3 
.2'0 
t) 2 

4 j a 

m 

S' 

3.943.000 

2 . 957.000 

4 . 435,000 

119,100 

177 .5 

2.18 

33-7 



3,707.000 

2,781.000 

4,171,000 

107.300 

164.3 

2.16 

31.3 


B30 

3.489.000 

2/) 17.000 

3 . 925.000 

99.500 

151.8 

2.13 

29.0 



3.251.000 

2,438.000 

3.658,000 

103.300 

142.3 

2.08 

28.4 



3.043.000 

2.282,000 

3,423.000 

92.300 

130.9 

2.06 

26.2 


B28 

2.849.000 

2.137,000 

3 , 205.000 

85.000 

120.2 

2.03 

24.1 , 



2,614,000 

1,961.000 

2,941,000 

88.500 

110.6 

1.97 

23.2 



2.431.000 

1,823.000 

2 , 735.000 

78.300 

100.9 

1.95 

21.2 


B26 

2,260,000 

1.695.000 

2.543.000 

71.600 

91 6 

1.92 

19.3 , 



2,628,000 

1,971.000 

2,957.000 

104.300 

132.9 

2.08 

27.2 



2.499.000 

1.874.000 

2,812,000 

95.900 

124.8 

2.07 

25.6 


B24b 

2,376.000 

1,782.000 

2.673.000 

89.300 

117.1 

2.05 

24.1 , 



2,117,000 

1,588.000 

2.382,000 

75.100 

9 T. I 

1.92 

19.7 . 

B24a 

1.992,000 

1,494.000 

2.241.000 

93.100 

78.0 

1.78 

17.1 



1,859.000 

1.394.000 

2,091,000 

54.000 

74-4 

1.86 

16.5 , 



1.645.000 

1.233000 

1,850,000 

62.500 

65.8 

1.78 

15.4 



1,576.000 

1,182.000 

1 , 773.000 

58.200 

62.3 

1.76 

14.6 


B22 

1.S03.000 

1.127,000 

1,690,000 

52.600 

58.8 

1.76 

13 8 



1,664,000 

1,248.000 

1,872,000 

102,400 

79.9 

1.82 

18.0 


R 70 fl 

1,564.000 

1,173.000 

1,760.000 

64.900 

75.9 

1.88 

17.3 



1,354.000 

1,015.000 

1,523.000 

88,200 

51.2 

1.59 

12.6 



1,304,000 

977.700 

1,467.000 

69.400 

49.8 

1.62 

12.3 


B20 

1,250.000 

937.700 

1.407.000 

50.000 

48 3 

1.66 

12.1 



1.458.000 

1.093.000 

1,640.000 

66,100 

82 9 

1.96 

18.9 



1. 354 .000 

1,016.000 

1,523,000 

60,800 

75.6 

1.93 

17.3 


Bi8a 

1.251.000 

938.000 

1,407.000 

55.600 

68.4 

1.91 

15.7 



1.047.000 

785.200 

1,178.000 

78,000 

39 I 

1.50 

10.2 



997.900 

748,400 

1,123.000 

57.500 

37-7 

1.54 

9.92 


B18 

977,700 

733.300 

1,100,000 

49.200 

37.1 

1.56 

9.82 



946.100 

709.600 

1,064,000 

36,700 

36.2 

1.59 

9.66 



1,132,000 

849.300 

1,274,000 

77.900 

61.3 

1.71 

16.3 

Bi5b 

945.600 

709.200 

1,064.000 

90,800 

41.9 

1.49 

11.6 


B15a 

867.600 

650.700 , 

976,100 

54.800 

38.3 

I. 55 

10.9 



689.500 

517,100 

775.700 

60.000 

25.2 

1.36 

7.40 



649.400 

487.100 

730,600 

39.900 

24.0 

1.41 

7.IS 


Bis 

629.500 

472,100 

708,200 

30.100 

23.4 

1.44 

7.03 



478.600 

350.000 

538,400 

32,200 

21.3 

1.42 

6 77 

Bi2a 

406.200 

3 'M ,700 

457.000 

35.800 

16.0 

1.30 

5. 14 


B12 

384.400 

288,300 

432.500 

22.200 

15.3 

I . 35 

4 98 



287,100 

215,300 

323.000 

39,000 

12.1 

1.21 

4 05 


B10 

262.200 

19<>.700 

295,000 

21,000 

11 . 2 

1.27 

3.83 



218.300 

163,700 

245.600 

32,900 

8.8 

I . 12 

3.17 


B 9 

201,800 

151,400 

227,000 

20,100 

8.2 

I.17 

3.02 


161,600 

121.200 

181.800 

26,000 

6.7 

1.08 

2.51 


B8 

153.000 

114,800 

172,100 

18.900 

6.4 

I. 11 

2.43 



C. C\ and ■■ coefficients given in the table. 

C C C" C C' C" 

HT . or or M - g • or g-- or 

C. or C'. or C" - IFL - 8Af - ^ifS 




io66 


OFFICE DATA 


Table i88.—Bethlehem Girder 


Section number 

Nominal depth of 
beam, inches 

Weight, lbs. per foot 

Area of section, 
square inches 

Thickness of web, 
inches 

Width of fiange, 
inches 

Axis XX** 

*0 

S3 
i- 

0 0 

/ 

^ Radius of 
gyration 

^ Section 
modulus 


30 H 

200.0 

58.52 

.76 

15 04 

9.148.8 

12.50 

607.S| 

G30 

30 

190.0 

55.52 

. 72 

15 00 

8.651.1 

12 48 

576.7 



ao U 

181.0 

52.82 

.69 

14 97 

8.181.0 

12.45 

547.6 

G28 

. 

28 H 

I7S.O 

S 1.02 

.70 

14.29 

6.988.7 

11.70 

497 . I 


28 

i6s. 0 

48.19 

.66 

14. 25 

6.577.9 

11 68 

469 9 



26 }>i 

160.0 

4b . 8s 

.67 

13 79 

5.576.6 

10.91 

427.0 

G26 


26 

1510 

44. 16 

.63 

13.75 

5.237 . I 

10 89 

402.9 



25 K 

144.0 

41.99 

.61 

13 73 

4.930.6 

10 84 

381.0 



24 >8 

149.0 

43.57 

.65 

13.29 

4.451 - r 

ro. I r 

369. I 

G24a 


24 

141.0 

41.02 

.61 

13.25 

4.174-2 

10.09 

347.9 



23 1 h 

133.0 

38.71 

.58 

13 22 

3.912.4 

10.05 

327.7 



24 ^8 

129.0 

37.74 

.58 

12.29 

3.844-8 

10.09 

318.8 

G24 

■ 


121.0 

35 30 

•54 

12 25 

3.585.3 

10 08 

298.8 



23 H 

II 1.0 

33.12 

SI 

12 22 

3.340.6 

10 04 

279.8 



20 H 

140.0 

43.44 

.69 

12.78 

3,106.6 

8 46 

308.8 

Gaoa 


20 

142.0 

4131 

.66 

12.75 

2.932.3 

8.43 

293 2 



19 H 

13s 0 

39. 18 

.63 

12.72 

2.760.6 

8 39 

277.7 



20 H 

120 0 

34.9S 

.59 

12.03 

2.505.5 

8.47 

249. I 

Gao 


20 

113.0 

32.90 

.56 

12.00 

2.340.2 

8.43 

2340 



19 H 

107.0 

31.06 

• 54 

11.98 

2.184.0 

8.3V 

219-7 



18 H 

100.0 

29 25 

• 52 

II.54 

1.725.7 

7.68 

190.5 

G18 

■ 

18 

93 0 

27. 14 

.48 

11.50 

1.593 4 

7.66 

177-O 



,17 H 

87.S 

25.40 

.46 

11.48 

1.472.8 

7.61 

164.7 



IS M 

147.0 

42.73 

.83 

11.78 

1.666.2 

6.24 

220.4 

Gisb 


15 

1.11.0 

40.86 

.80 

11.75 

1.577.7 

6.21 

210.4 



14 

135 0 

39 01 

.77 

I I . 72 

1.490. 7, 

6. 18 

200.4 



IS H 

111.0 

32.40 

.64 

11.29 

1.306.3 

6.3s 

172.8 

Gisa 



105.0 

30.4 s 

.60 

II . 25 

1.218. a 

6.32 

162.4 



14 H 

99.0 

28.65 

-57 

11.22 

1.134-7 

6.29 

152.5 



IS H 

80 . s 

23.44 

.48 

10.79 

968.5 

6 43 

128.1 

G15 

■ 

IS 

74.0 

21 55 

•44 

10.75 

883.8 

6.40 

117.8 




69.0 

19.96 

•42 

10.73 

806.4 

6.36 

108.4 



12 H 

76.5 

22.29 

.51 

10.29 

589.0 

5.14 

97 - 3 

Gzaa 

■ 


70.s 

20.57 

.47 

10 25 

538.4 

5.12 

89.7 


1 

II H 

66.0 

19. 11 

•45 

10.23 

491. 7 

S.07 

82.8 


1 

12 H 

61.0 

17.77 

.41 

10.03 

479-9 

5.20 

79.2 

GI2 


12 

SS-S 

16. 21 

.38 

10.00 

431.8 

5- 16 

72.0 


1 

11*^2! 

SI 5 

IS.07 

.36 

9.98 

396.9 

5.13 

66.6 



10 H 

50.0 

14.51 

.36 

9.04 

275-5 

4 36 

54 4 

Gio 


10 

44.S 

13.03 

•32 

9.00 

244.7 

4.33 

48.9 



9*^112 

41.s 

12.12 

.31 

8.99 

223-8 

4.30 

45 2 



( 9 H 

43. S 

12.62 

• 35 

8.54 

193-8 

3.92 

42.5 

Go 


9 

38.s 

11.23 

.31 

8.50 

170.3 

3 89 

37.9 


1 


36.0 

10.55 

.29 

8.48 

158.9 

3.88 

35.5 



8 H 

37 0 

10.77 

.33 

8.03 

131 I 

3.49 

32.3 

G8 



33.0 

957 

.30 

8.00 

z la. 2 

3 45 

38.6 



7‘M6 

31.0 

9.01 

.29 

7-99 

zoo. 2 

3-43 

26.7 


W Sa£« load in pounds, uniformly distributed, including weight of 
beam. 

L Span, in feet. 

hi » Moment of forces, in foot pounds. 

/ Allo|^ble fiber stress, in lbs. per square inch, 
o •» Section modulus about axis XX. 

* Axis XX parallel to fiange. Axis YY parallel to web. 
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Beam (1926 Standard) 


Coefficients of strength 

Maximum safe shear 
on web, m pounds 

Axis YY* 


For fiber stress of 
16,000 lbs. per 
sq. in. Usual 
building code 
requirement 

For fiber stress of 
Pj 12.000 lbs. per 
sq. in. For mov¬ 
ing loads 

For fiber stress of 
18.000 lbs. per 

5 sq. in. For qui¬ 
escent loads 

Moment of 
' inertia 

Radius of 
gyration 

Co Section 
' modulus 

Section number 

6..J80.000 

4.860.000 

7.290.000 

103.200 

628.5 

3.28 

83.6 

! 1 

6.152.000 

4.614.000 

6.921.000 

176.400 

589 4 

3 26 

78.6 

C30 

5.^41.000 

4.381.000 

6.571.000 

163.790 

552.0 

3.23 

73.7 , 

, 

S'..10-'.<^00 

3.076.000 

5.965.000 

164,800 

496.2 

3.12 

69.4 

i r. .. 0 

5.01 ,?.ooo 

3.759.000 

5.638.000 

149. TOO 

462.8 

3.10 

65.0 



4.SSS.000 

3.416,000 

5.124,000 

149.500 

432.8 

3 04 

62.8 



207.000 

3.223.000 

4.834,000 

134.900 

402.7 

3 02 

S8.6 


G26 

4.064.000 

3.048.000 

4.572.000 

127.300 

375.0 

2.99 

54-6 



047.000 

2.953.000 

4,429.000 

138.200 

383 -3 

2 .07 

57.7 



^ 710.000 

2.783.000 

4.174.000 

124.600 

356.4 

2.95 

53-8 


G24a 

;o5.ooo 

2.621.000 

3.932.000 

114.400 

330.7 

2 92 

50.0 



i ioi.ooo 

2.550.000 

3,826.000 

114,800 

278.2 

2 72 

45 3 



< 187.000 

2.390,000 

3.585.000 

101,400 

256.9 

2.70 

41 9 


G24 

■ 084.000 

2.238,000 

3.357.000 

91.400 

236.7 

2.67 

38.7 



>.204,000 

2.470.000 

3.706.000 

138.100 

384.5 

2.97 

60.2 



M 28.000 

2.346.000 

3.519.000 

129.200 

300.9 

2,96 

56,6 


G20a 

2.062.000 

2.2 22.000 

J. 333 .000 

120,500 

337.6 

2.94 

53. I 



2.657.000 

1.992.000 

2.089.000 

109.800 

260. I 

2.73 

43 2 

1 

2,406.000 

1.87 2.000 

2,808.000 

101,000 

240.8 

2.71 

40. I 

, G20 

2.344.000 

1.758.000 

2.637.000 

95.100 

222.3 

2.68 

37.1 


2,032.000 

1,5 24.000 

2,286.000 

86.300 

202.6 

2.63 

35.1 


1.888.000 

I. 1 16.000 

2.125.000 

76,000 

185.1 

2 61 

32.2 

1 O18 

1. 757 .000 

1.3 1 8.000 

1 , 977.000 

70,700 

168.9 

2.58 

29.4 


2,351,000 

1.763.000 

2.64s.000 

125,500 

347.3 

2.85 

59 0 

' 

2.244,000 

1,6^3,000 

2,524,000 

120,000 

328.3 

2.83 

55 9 

Gisb 

2.137.000 

1,603.000 

2,404.000 

114.600 

309.5 

2.82 

52.8 



1-843,000 

1.382.000 

2.074.000 

06.800 

231.2 

2.67 

41.0 



1 . 733.000 

I , 209.000 

1.049.000 

90.000 

2143 

2.65 

38.1 


Gisa 

1.627,000 

I, 220 . 0<50 

1.830.000 

84.800 

198.4 

2.63 

3 .S 4 

i 

i. 3 f> 7 . 0 oo 

1.0 2 5.000 

1 . 537.000 

69.700 

143.0 

2.47 

26 5 


1,257,000 

942.800 

1,414,000 

61.100 

128.9 

2.4s 

24 0 

G15 

1.156.000 

867.100 

I 1.301.000 

1 56.600 

11 5 .8 

2.41 

21 6 


1.037.000 

777.600 

I. i^>6.ooo 

61.800 

132.1 

2.43 

25.7 



957.100 

7 17.800 

1.077.000 

56.400 

119.7 

2.41 

23.4 


G I 2a 

883,000 

662.300 

993.400 

53.500 

108.3 

2.38 

21.2 



8.14.700 

633.500 

950.300 

49.100 

95.8 

2.32 

19. 1 



707.700 

575.800 

863.600 

43.800 

84.9 

2.29 

17.0 


Oi 2 

7 10,800 

533.100 

799.700 

40.300 

76.9 

2.26 

15-4 



580,800 

435.600 

653.300 

36.400 

66.4 

2.14 

14.7 



522.100 

391.500 

587.300 

31.100 

58.2 

2.11 

12.9 


Gio 

481,900 

361,400 

542.100 

20.500 

52.6 

2.08 

11.7 



453.400 

340,000 

510,000 

31.900 

51.3 

2.02 

12.0 



403.800 

302.800 

454.300 

27,900 

44.4 

1.99 

10.4 


Go 

379,200 

284.400 

426,600 

25,300 

41.0 

1.97 

9 67 



344.500 

258,400 

387.600 

26.800 

38.7 

1.90 

9.6s 



304.500 

228.400 

342.600 

24.000 

33 2 

1.86 

8.29 


G8 

285.200 

213.900 

320,900 

23.000 

30 5 

1.84 

7 63 

_ 



C, 

w 

c. 


C', and C" ■■ coefficients given in the table. 

c a c" c a c" 

- . or or -jr ; M - or • or -- 

or C\ or C'^ « PTL - 8Af - HfS 
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Table 189^.—Weights of Flat Rolled Steel Bars, Pounds 
PER Linear Foot 

One cubic foot of steel weighs 489.6 lb. For thicknesses from 


Thickness 
in inches 

i" 

I> 4 " 



2" 

2 > 4 " 


2 M'' 

12" 

K « 

0.03& 

0.797 

0.956 

1.12 

1.28 

1.43 

I. 59 

1.7s 

7.65 

>4 

0.850 

I .00 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

10,20 


1.06 

1.33 

I.S 9 

1.86 

2.13 

2.39 

2.66 

2.92 

12.7s 


1.28 

I.S 9 

1 .91 

2.23 

2 .S 5 

2.87 

3.19 

351 

15.30 


1.49 

1.86 

2.23 

2 60 

2 98 

3.35 

3.72 

4-09 

17.8s 

h 

1.70 

2.13 

2 . 5 S 

2.98 

3-40 

3.83 

4-25 

4 68 

20.40 

He 

1.91 

2.39 

2.87 

3 35 

3.83 

4-30 

4.78 

5 • 26 

22.95 


2.13 

2.66 

3.19 

3.72 

4.2s 

4 78 

5.31 

5 84 

25.50 


2.34 

2.92 

3 SI 

4 09 

4.68 

5.26 

S.84 

6 .43 

28 05 


2.55 

3.19 

383 

4.46 

5.10 

5.74 

6.38 

7.01 

30.60 

^H« 

2.76 

3-45 

4.14 

4.83 

5-53 

6.22 

6.91 

7.60 

33.IS 


2.98 

3.72 

4.46 

5.21 

5.95 

6.69 

7.44 

8.18 

35.70 

‘Me 

3.19 

3.98 

4.78 

5 .58 

6 38 

7.17 

7.97 

8.77 

38.2s 

I 

3 40 

4.2s 

5.10 

5.95 

6.80 

7.65 

8.50 

9 .35 

40.80 

iMe 

3.61 

4.52 

S.42 

6.32 

7.23 

8.13 

' 9.03 

9.93 

43.35 

iH \ 

3.83 

4.78 

5.74 

6 69 

7.6s 

8.61 

9.56 

10 52 45.90 

iMe 

4.04 

5 .05 

6.06 

7.07 

8.08 

9.08 

10 . 09,11 . 10 

48.4s 

iK 

4 - 2 S i 

5 .31 

6.38 

7.44 

8.50 

9.56. 

10.63.11.69 

51.00 

iMe 

4.46 

S.S8 

6.69 

7.81 

8.93 

10.04! 

ri. i6'i2.27 

S 3.55 

iM 

4.68 

5.84 

7.01 

8.18, 

, 9.35. 

10.52 11.69 12.86 S6. 10 

iMe 

4.89 

6.11 

7.33 

8 SS 

9.78, 

I I .00 

12.22 

13.4458.65 

iH 

5.10 

6.38 

7.65 

8.93 10.20 

11.48 12.75 14.03.61.20 

iHe 

5.31 

6.64 

7.97 

9.30 

10.63 

11.95 13.28'i4 6 i! 63.75 

iH 

5 . S 3 

6 91 

8.29 

9.67 

11.05 12.43ji3.81115.1966.30 

i‘H6 

5.74 

7. 17 

8 61 

10.04 

II .48; 12.91114 34:15.78.68.8s 

iM 

5 .95 

7.44 

8.93 

10.41 

II. 90.13-39 14-88 

16.36 71.40 


6.16 

7.70 

9.24 

10.78 

OC 

15.41 

16 .95 73 .95 


6.38 

7 97 

9.56 

11. 16 

12.75 

14.34 15 94 17.53176.50 


6.59 

8.23 

9.88 

II . S 3 

13. 18,14 82 

i 6 . 47 'i 8 .12 79.05 

2 

6.80 

8.50 

10.20 

II 90 

13.60! 15.30 17.00 18.70,81.60 

till 



STEEL PLATES 


1069 


Table 189^4. —Conlinued 


Thickness 
in inches 

3" 

3 M" 

3 M" 

3 M" 

4" 

4 K" 

4 M" 

4 M" 

12" 

Ms 

1.91 

2.07 

2.23 

2.39 

2.55 

2.71 

2.87 

3.03 

7.6s 

k 

2 .SS 

2.76 

2.98 

3.19 

3.40 

3.61 

3.83 

4.04 

10.20 


3.19 

3.4s 

3-72 

3.98 

4-25 

4-52 

4.78 

5 .os 

12.75 


3.83 

4.14 

4.46 

4-78 

5.10 

S.42 

5-74 

6.06 

15.30 

Ms 

4.46 

4 83 

S 21 

5.58 

5 .95 

6.32 

6.69 

7.07 

17.8s 


S.io 

553 

595 

6.38 

6.80 

7.22 

7.65 

8.08 

20.40 

^'s 

S.74 

6.22 

6.69 

7.17 

7.65 

8.13 

8.61 

9.08 

22.95 


6.38 

6.91 

7.44 

7.97 

8.50 

9.03 

9.56 

10.09 

25.50 

'Ms 

7.01 

7.60 

8.18 

8.77 

9.351 

9.93 

10.52 

II. 10 

28.0s 


7.6s 

8.29 

8 93 

9.56 

10.20 

10.84 

11.48 

12. II 

30.60 

'M's 

8.29 

8.98 

9.67 

10.36 

11.05 

11.74 

12.43 

13.12 

33-15 


8.93 

9.67 

10.41 

11. 16; 11.90,12.64 

13-39 

14.13 

35-70 

'Ms 

9.56 10.36 II .16 

11.95 12.75 

13-55 

14.34 

IS-14 

38.25 

I 

10.20 

11.05 

11.90 

12.75 13.60 

14-45 

15.30 

16.15 

40.80 

I Ms 

10.84 

11.74 

12.64 

13 55 14-45 

15-35 

16.26 

17.16 

43 35 

iH 

n.48 12.43 T 3 39 14-34 I.*;. 30 16.26 

17.21 

18. 17 

45 90 

iMs 

12 . I I 

13.12 

14 13 IS. 14 16. IS'17.16 

18.17 

19. 18 

48.4s 


12.75 13.81 

14.88 

IS .94 

17.00 

18.06 

19.13 

20.19 

51.00 

iMs 

r 3 . 30 'r 4 - 5 o 

15.62 

16.73 

17.85 

18.97 

20.08 

21.20 

53 55 

iM 

14.03 IS • 10 16.36 

[IT. 53 

18.70 19.87 

21.04 

22.21 

56.10 

iMs 

14.66 

15.88 17.11 

18.33 

19 .55 

20.77 

21.99 

23.22 

58.65 

iM 

15.30 

16.58 

17.85 

19.13 

20.40 

21.68 

22.95 

24.23 

61.20 


IS.92 

17.27 

18.59 

19.92 

21.25 

22.58 

23.91 

25.23 

63.7s 


16.58 

17.96 

19.34 

20.72 

22.10 

23.48 

24.86 

26.24 

66.30 

I' M s 

17.21 

18.6s 20.08 

21.52 

22.95 

24-38 

25.82 

27.25 

68.85 

iM 

17.85 

19.34 

20.83 

23.31 

23.80 

25.29 

26.78 

28.26 

71.40 

I'Ms 

18.49 

20.03 

21.57 

23.11 

24.65 

26.19 

27.73 

20.27 

73.95 


19.13 20.72 

23.31 

23 91 

25 -50 

27.09 

28.69 

30.28 

76.50 

I'Ms 

19.76 

21,41123.06 

24.70 

26.35 

28.00 

29.64 

31.29 

79.05 

2 

1 

20.40 

22.10 

23.80 

25.50 

27.20 

28.90 

30.60 

32.30 

81.60 
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Table 189^.—Weights of ioo Machine Bolts with Square 
Heads and Nuts 

Wrought iron, manufacturers^ standard sizes. Basis, Hoopes & 
Townsend's list 


Length under 
head to point, 
inches 


Diameter of bolt, in inches 


I iH iK iH 


Oa 04 


98 14s 

106 ISJ 


114 163 240 

122 174 253 

130 185 267 

138 196 281 

147 207 295 

iss 218 309 

163 229 323 

172 240 337 

180 251 3SI 

187 262 36s 

I 9 S 273 379 

212 295 407 


317 43*; 

339 4b3 

361 401 

383 519 


297 40s 

314 427 

331 449 

348 471 

365 493 

382 SIS 

399 537 

416 559 

437 581 

454 603 

470 62s 

487 647 


Bolts from i^ito 2 ", inclusive, are fitted with nuts made to U. S. standard 
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Weights of ioo Round-headed Rivets or Round-headed Bolts 
WITHOUT Nuts 


Wrought iron, basis—i cu. ft. iron = 480 lb. 


Length under 
head to point, 

Diameter of rivet, in inches 








inches 

4 


4 

4 

H 

I 


I 

4-7 

9 3 

16.0 

25.2 

37.2 

52.6 

71.3 


5 5 

10 7 

18.1 

28.3 

41 3 

58.0 

78.2 


6 2 

12.1 

20.2 

31.3 

45 5 

63 5 

85.1 

7.0 

13.4 

22 4 

34-4 

49.7 

68.9 

92.0 

2 

7.8 

14.8 

245 

37 5 

53 9 

74.4 

98 0 

2U 

8.5 

16 2 

26.6 

40 5 

58.0 

79 8 

105.8 


9.3 

17.5 

28.8 

43.6 

62.2 

85.3 

II2.7 


10.1 

18.9 

30.9 

46.7 

66.4 

90 7 

119.6 

3 

10.8 

20 3 

33.0 

49.8 

70 6 

96.2 

126.5 


II .6 

21 6 

35 I 

52 8 

74 7 

lOi .6 

133 4 

3H 

12.4 

23 0 

37-3 

55 9 

78.9 

107 . I 

140.3 

iH 

13.1 

24 3 

39.4 

59.0 

83.1 

112.6 

147.2 

4 

13 9 

25.7 

41-5 

62.0 

87.3 

118 0 

154 I 

4^ 

14 7 

27.1 

43 7 

65.1 

91.4 

123.5 

161.0 

4^ 

.15 4 

28.4 

45.8 

68.2 

95 6 

128.9 

167.9 

4^4 

16 2 

29.8 

47.9 

71.2 

99.8 

134.4 

174-8 

5 

17 0 

31.2 

50.1 

74-3 

104.0 

139.8 

181.7 

5^ 

17 7 

32.5 

S2 2 

77.4 

108.2 

145.3 

188.6 

5 4 

18 s 

33 9 

54.3 

80.4 

112.3 

150.7 

195 6 

5^ 

19 3 

35 3 

56.4 

83 5 

116.5 

156.2 

202.5 

6 

20 0 

36.6 

58.6 

86.6 

120.7 

161.6 

209.4 


20 8 

38.0 

60.7 

89.6 

124.8 

167. I 

216.3 

64 

21 6 

39 3 

62.8 

92.7 

129.0 

172 5 

223.2 

64 

22.3 

40.7 

65.0 

95.8 

133 2 

178.0 

230.1 

7 

23 I 

42.1 

67.1 

98.8 

137.4 

183.5 

237.0 


23 9 

43 4 

69.2 

loi .9 

141.6 

188.9 

243 9 

7 4 

24.6 

44 8 

71.4 

105.0 

145.7 

194 4 

250.8 

74 

25 4 

46.2 

73.5 

108.0 

149.9 

199.8 

257.7 

8 

26.2 

47 5 

75.6 

III. I 

154.1 

205.3 

264.6 

oo 

27.7 

50.2 

79.9 

117 . 2 

162.4 

216.2 

278.4 

9 

29 2 

53 0 

84 I 

123 4 

170 8 

227.1 

292.2 

qH 

30 8 

55.7 

88.4 

129 5 

179.1 

238.0 

306.0 

10 

32.3 

58.4 

92.7 

135.6 

187.5 

248.8 

319 8 

io 4 

33 8 

61.2 

96.9 

141.8 

195.8 

259.8 

333 6 

11 

35.4 

63 9 

lOI . 2 

147.0 

204.2 

270.7 

347.4 

iiH 

36.9 

66.6 

los 4 

154 1 

212.5 

281.6 

361.2 

12 

38.4 

69.3 

109.7 

160.2 

220.9 

292.5 

375.0 

in length of 100 
rivets 

Weight of IOO rivet 

3 07 

5.45 

8 52 

12.27 

16.70 

21.82 

27.61 

heads. 

1.78 

4.82 

9 95 

16. 12 

24.29 

34-77 

47.67 
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Table 190.—Weight of Corrugated Metal Galvanized 

Sheets 

Weight in pounds per loo sq. ft. 


Corrugations, 

inches 

Thickness, U. S. Standard gage 

Width 

Depth 

10 

12 

14 

16 

1 ! 

18 j 201 21 

1 1 

22 

1 

23,24 

1 

2 S 

26 127! 28^ 29 

Ml 


5 

U 


486 352^28s^23Ill78^64^SI|r37 I24'ii J 97^90^84 j77 

3 



488 353 286 2J2 178 165 151 138 125 III 98 91 84 77 



63» 404 200 2^5 '^7 IS3 140 I2fi ri3 99 92 8s 78; 

2 \l 


623 488 353 286 232 178 16s 151 138 125 111 08 91 84 77 

2 



.286 232 178 165 151 138 I 2 S III 98 91 84 77 

iVa 







! ! I 1 : ! : i 1 1 i 1 i 1 


Note.—P ainted sheets weigh about 16 lb. less per 100 sq. ft. than the gal¬ 
vanized sheets. 


Table 19 i.—Condensed T/\ble of Strength of Reinforced- 
CONCRETE Sl.vbs (Free End Supports) 

Safe uniformly distributed supcrimpo.sed load per square foot of 
slab for the span noted, exclusive of weight of slab 

Factor of safety 5 wliich is very conservative, 

(Note. —For factor of safety of 4 add one-fourth to tlie tabular 
loads.) 

Concrete 1:2:4 

Allowable unit stress in concrete . . 500 lb. per square inch. 

Allowable unit stress in steel . . 14,000 lb. per square inch. 

Note.—T he safe concentrated load is one-half of the total uni¬ 
formly distributed load over the elTeUive width of slab resisting a 
concentrated load (see page 1042). 







Table 19 i .—Continued 

Depth of Slab in Inches 


CONCRETE SLABS 


'3 



Spacing of rods (in.)... 6" 5" 6" 5" 6" 5" 

Depth below steel. i .00" i .00" i • 25" i .50" i . 50" i. 50' 

Weight of slab per sq. 



















Table 192.—Condensed Table of Stbength of Reinforced-concrete Beams (Free End Supports) 
Safe uniformly distributed superimposed load j>er foot length of beam per inch width of beam, exclusive of 
weight of beam. 

To get the total superimposed load per foot length of the beam multiply the tabular load by the width of beam 
in inches. 
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Area of steel (sq. in.) per inch width . 0.066 o.ioi 1 0.134 0.171 0.210 0.240 0.278 

Distance from steel to bottom of beam . 1.5" 1.5" | 2.0" 2.0" 2.5" 2.5" 2.5" 

Weight of beam I " wide, I' long . 12. 81 b.: 19. 2lb. 25.71b. 32.11b. 38.51b. 44.91b. 51.41b. 
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Table 193.—Recommended Thickness op Concrete Slab 
When Used in Highway Bridges under Different Depths of 
Earth or Macadam Fill (Conservative Practice) 


6pan of Slab 
in Feet 

Depth of Fill Over Slab in Feet 

, 

' 

2' 


6' 

8' 

10' 

12' 

2 

6" 

6" 

6" 

6 " 

6" 

6" 

6 " 

4 

7" 

/ 

7" 

7" 

7" 

7" 

7" 

6 

9" 

9" 

9" 

10" 

10" 

10" 

ii" 

8 

10" 

10" 

10" 

ii" 

12" 

13" 

13" 

10 

12" 

12" 

13" 

14" 

is" 

16" 

17" 

12 

14" 

14" 

15" 

16" 

17" 

18" 

20 

14 

16'' 

16" 

17" 

18" 

19" 

20" 

22 

16 

18" 

18" 

19" 

20" 

22" 

24" 


18 

20" 

20" 

22" 

23" 

24", 



1 

22" 

22 

23" 

24" 

!_I 





NoTi:.-^Side walls must be designed for beam action due to hori¬ 
zontal earth pressure—deep fills (see Fig. 67, p. 224, Chap. IV 
Part I). 

Design of Structures under Deep Fills .—Design culverts and slab 
bridges under deep fills on the principle of rigid frames pin con¬ 
nected at the bottom of side walls. 

Stresses are indeterminate and the usual formulae are very com¬ 
plicated. The following simple formula have been found to be 
satisfactory and are conservative. 



Approximate moment diagram. 


Ml « 0.09 Wf vertical loads. 

Ml =“ 0.06 \Vl, vertical loads -f 0.06 W'V horizontal pressure 
on sidewalls. 

Ml “ 0.12 W'l\ horirxmtal pressure. 
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Table 194.— Condensed Table of Strength of Wooden Beams 

Based on a vety complete tabic published in the Cambria Steel 
Handbook to which the reader is referred if he is using much data 
of this kind. 

This tabulation based on factor of safety of 6. 

Allowable fiber stress 1200 Ib. per square inch. 

The loads given are the safe total uniformly distributed loads 
per inch width of beam for the span noted including the weight 
of the beam. 

This table applies directly to white oak and long-leaf yellow 
pine. 

For hemlock use one-half of the load given. 

For Douglas fir, Norway pine, cypress, chestnut, and spruce, 
use two-thirds of the load given. 

Note. —The safe concentrated superimposed load is one-half 
of the total superimposed uniformly distributed load exclusive 
of the weighs of the beam. 

For weight of timber sec page 1038. 


r 


Span 




Depth of Beam 

in Inches 




in 




j 







Feet 

4 " 

6 " 

8 " 

10'* j 12" 

14" 

lO" 

18 " 


22" 

24" 

4 

53 S 

1200 


1 







6 

355 

8 oq 

1420 

I 







8 

270 

600 

1070 

1670' 2400 







10 

315 

480 

850 

1330 1920 

2610 






13 

180 

400 

710 

iiioj 1600 

2180 

2840 

3 ^>00 





ISO 

3 iO 

610 

950j I 5 7'> 

1870 

2440 

3090 

3810 



16 

135 

300 

530 

830 1200 

1630 

2130 

2700 

i 3330 

4030 

4800! 

18 

120 

270' 

480 

740' 10:0 

1 1450 

1900 

2400 

; 29<'>o 

3590 

4270 

30 

los 

340 

430i 

670, 900 

1310 

1710 

2160 

2670 

3330 

3840^ 

22 i 

95 

320 

390 

610' 870 

1190 

1550 

19<^0 

' 2420 

2930 

3 too; 

24 1 

90 

200 

3^)0 

i 5601 800 

1090 

1420 

1 8 «K) 

2220 

2690 

3300 

26 { 


185 

330 

i 510. 740 

1000 

1310 

16^0 

2050 

2480 

' 2950 

38 I 


170 

305 

480 690 930 

1220 

1340 

1000 

23001 2749 

30 


160 

1 285 

440 C JO 

870 

1140 

I440j 1780 

2150 

1 2560 

1 


Note. —If a deep beam is used for a shorter span than shown 
in the table figure the limiting load on the basis of shear along the 
neutral axis. By the formula 

T 17 

W =- f 

3 

In which IV «« safe load in pounds uniformly distributed. 
d « depth of beam in inches. 
b » breadth of beam in inches. 

S * allowable shear in the direction of the grain 
in pounds per square inch. 

White pine. 100 lb. per square inch. 

Long-leaf yellow pine. 150 lb. per square inch. 

White oak. 200 lb. per square inch. 
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The Deflection formula for a beam i" wide under uniform load 
may be written / = 270 (//d)W/E. Following table gives values 
of 270 (//d)* for various spans and widths. In this formula, / is 
expressed in feet, / and d in inches, W in pounds of total load on 
beam divided by width in inches. 


Table 195.— Deflection of Timber Beams 


Values of C in the Formuha, Deflection = CWIE for Beams 1" 
Wide and Uniformly Loaded 


bpan 

Depth in inches 

feet 

■* ! 

6 1 

« i 

10 j 

“ 1 

.4 j 

16 

18 

20 

22 

24 

S 

530 

i 

160 

66 | 

34' 


..1 






6 

910 

270 

1 lol 

5 « 

34' 

20, 

14 





7 

I. 4 SO 

430 

i8oj 

931 

54 

33' 

23 





8 

2,160 

640 

2701 

140 

80 

50 

34 





0 

3.080 

910 

380; 

2 CO! 

110 

71 

48 





10 

4.220 

i.a.'jo, 

530 

270' 

160 

98 

66 

46 

34 

25 

ao 

11 

S.62O 

1.660, 

700 

360 

210 

130 

88 

61 

45 

33 

26 

12 

7.310 

2,160 

910 

470 

270 

170 

110 

79 

59 

43 

34 

13 

9.»70 

2,750 

1,1601 

590 

340 

220 

ISO 

100 

75 

55 

43 

14 

11,580 

3.430 

1,4501 

740 

430 

270 

180 

130 

93 

69 

S 3 

IS 

14.240 

4,220 

i.78o’ 

91 O' 

530 

330 

220 

160 

1 20 

84 

66 

10 

17.280 

5.120 

2,160 

1.1 10 

640 

400 

270 

190 

140 

100 

80 

17 


6.140 

2.590 

1.330 

770 

480 

330 

230 

170 

120 

96 

18 


7.290 

3.070 

1.580 

910 

570 

390 

270 

200 

ISO Iio 

19 


8.570 

3.610 

1.850 

1.070 

670 

450 

320 

230 

170 130 

20 


10.000 

4.220 

2,160 

1.250 

780 

530 

370 

2:0 

200 t6o 

2 1 



4.880 

2.500 

1.450 

010 

6 10 1 41.30 

3 20 

230 180 

22 



5.610 

2.880 

1,660 

1,050 790 

1 490 

360, 270 210 

23 



6.4TO 

3.280 

1.900 

1,200, 800 

1 .560 

410 .300 230 

^4 


.i 

7.290 

3.73^ 

2.160 

1.350, 910 

1 f >40 470'; 350 2701 

2 ? 




.4.220 

2.440 


I.O 10 

7 ''O 

C 30 300 

310 

- j 

26 




4.740 

2.740 

1.730 

1.160 810 

s 0 

il 40 34.0I 

27 

. 1 



5.310 

3.070 

1.0 30 

1.300 

1 910 

660 koo 360I 

28 




.5.930 

3.420 

2.160I 1.450 

1.0 20 

740 

'■ 50 430 

29 




6.590 

3.810 

2 . 300 ; 1.610 

1.1301 820 

620 480 

30 



1. 

7.290 

■.1 

1 4.210 

2.650 

1.780 

■ I.2SO 

1 Q 1 0 

! 680 530 

3 I 



1 .■ 

1.070 

1.380' T.OlO 

! 750 580 

32 







2.160I 1.520! 1.1 10 

1 8.30 640 

33 







2.370 

1.660' 1,2 20 

1 OOC 

-10 

34 

|. ... 



i 



2 .SOO 

' 1.820' 1.330 

990 770 

3 S 







! 2.830 1.080; I./ISO 

1,080 840 

36 


; 

1. 



3.080 

1 2,160 

j 1.580 

i 1.170 OlO 

1. 

.!. 

i 





Since R varies considerably for woods of the same snecies. and for 
different dcRrccs of seasoning and for variations in moisture content, the con¬ 
stants for intermediate denth may be selected by inspection. For a con¬ 
centrated load at the middle of a beam multiply the value of C by 1.6. 

Note. —American Civil Engineers' Handbook, John Wiley & Sons Co. 
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Table 196. —Condensed Table of Strength of Timber under 
Long Column Action 


Based on the Formula of the U. S. Department of Agriculture, 
Division of Forestry. 

P = f X 

700 -f 15C -f- C* 

P = ultimate strength in pounds per square inch 
F = crushing strength of timber 

C *= 3 in which I = length of column in inches 

a 

d = least diameter in inches 

Safe load per square inch on the basis of a factor of safety of 
8 is given below. A factor of safety of 6 is often used in good 
practice. i 



Safe Load in Pounds per Square Inch 


1 

d 

White Oak 
and 

Long Leaf 
Yellow Pine 

Douglas Fir 
and 

Short Leaf 
Yellow Pine 

Red Pine, ST)ruce 
Hernhx'k, C.'y- 
press, Chestnut 

White Pine | 
and Cedar 

s 

600 

550 

4 So 

1 

420 , 

1 10 

560 

500 

450 

3 go i 

t '' 

510 

450 

400 

350 1 

20 

450 

400 

360 

I 

310 1 

i 25 

400 

360 

320 

280 

30 

350 

320 

280 

i ^50 j 


Note. — 3 over 30 is not advised. 
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Table iq8.—Lock Joint Cast-ikon Culvert Pipe 


Inside 

diameter, inches 

Thickness 
of pipe, 
inches 

Face of hub, 
inches 

Weight i)er 
foot, pounds 

Length of 
units, feet 

13 

Ks 

Ms 

60 

4 

16 


H 

80 

4 

18 

li 

Ai 

90 

4 

24 

6 

nu 

IIS 

3 

30 



18S 

3 and s 

36 



250 

3 and s 

42 



3 .so 

4 

48 


I 

450 

S 


Table 199.—Areas ant) Weiohts “Armco” Corrugated 
Culverts 


(These weights are founded upon careful records made with respect 
to several thousand feet of each diameter, and very closely 
approximate the actual weights.) 


Diameter in 
inches 

Area in 
square 
leet 

Weight 
per foot 
No. 16 
gage 

Wcii’ht 

per foot 
No. 14 
gage 

Weight 
per foot 
No. 13 
gage 

Weight 
per foot 
No. 10 
gage ' 

1 

8 

0.349 

7.4 




10 

0 .S 4 S 

9 2 

II.3 



13 

0.785 

10 8 

13 2 



15 

1.227 

13 I 

16.0 



18 

I. 

15 7 

19.3 

26 4 


21 

2.405 

18 4 

32.6 

30 9 


24 

3 142 

20.7 

25 4 

34 9 

43.7 

30 

4 909 


31 9 

43 6 

54 4 

36 

7.069 


38 I 

520 

64 9 

42 

9.621 


44 4 

60 6 

75.6 

48 

1 3 .566 


51-7 

70.6 

88.1 

54 

15-904 


57.9 

79.0 

98.6 

60 

19.635 



87 5 

109. I 


23-758 



95.8 

119.7 

72 

28.274 



105.0 

130.2 

78 

33.183 




141.4 

84 

38.48s 




151.8 


Note. —The only safe way to determine whether culvert pipes are of the 
‘’orrcct gage and diameter is to weigh them. 















CORRUGATED METAL PIPE io8i 


Diameter, Areas, and Recommended Minimum Gaoes of 
Armco Culverts (with Weights per Foot), Highway 
Practice 


Nominal 

diameter 

Area in square 
feet 

Gage 

Weight per foot 

12 

0.78s 

16 

10.8 

IS 

1.227 

16 

131 

18 

1.767 

16 

15.7 

21 

2.40s 

16 

18.4 

24 

3.142 

14 

25.4 

30 

4.909 

14 

31.9 

36 

7.069 

14 

38.1 

42 

9.621 

14 

44 4 , 

48 

12 566 

12 

70 6 ! 

54 

15.904 

12 

79 0 1 

60 

19.63s 

12 

87.5 i 

66 

23.758 

12 

95 8 1 

72 

28.274 

10 

130 2 1 

78 

33.183 

10 

141.4 

84 

38.48s 

10 

151.8 1 


NoTB.~For very severe conditions culverts 48" and larger in diameter can 
be supplied in 8‘gage Armco ingot iron. 
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REINFORCED CONCRETE PIPE 
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Table 200.—Typical Reintorced-concrete Pipe Culverts 



’Cl.oJCuWrfi 

-- r.-r - 


_- 


_ i _ 

_ 




Half Plan 

Smafc Tract* Mimmurn // ^. j i 




C?menfJants\ 
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'A'e!' Ta dackfiU 

tlahsna!) /^fi^astoj B*Min , ^ 


Satfomx V' 
f^mcnA ^ 



J^. A Plank if 


FIRM S 0 \{ 5 -ikrrzffim CLAYOR LOAM „n<tarlE SOILS 

Ora^ior Coarse Sana^ or in firm soils 

prpyicfed fhcre is a where cushion^ 
mini mom cushion ofaf is less than 12 

least 12" 

section A-A- SHowmg Treatment inOiffcicnt Soils 


Table 201.—Standard Vitrified Pipe 
Approximate Weights, Dimensions, F.tc. of Standard Sew ers 


Caliber, in. 

Price per 
foot 

Weight, 
per toot, 
lbs. 

Depth of 
socket, in. 

Annular 
space, in. 

Thick¬ 

ness. 

in. 

13 

|l. 3 S 


3 K 

H 

X 

15 

1.80 

2 \\ 


iH 

18 

3.50 

85 

2 H 

H 


30 

3.00 

TOO 

3 


i W 

33 

4.00 

130 

3 ,^ 


X7S 

24 

__ 

4.SO 

X40 

1 





Double-strength Pipe 


Caliber, in. 

Price per 
foot 

Weight 
per foot, 
lbs. 

Depth of 
socket, in. 

Annular 
space, in. 

Thick¬ 
ness. In. 

4 

lx.80 

75 




18 

1 a.50 

X18 

afj 


I w 

30 

300 

138 

3 


X3% 

33 

4 00 

XS 7 

3 , 



24 

4. SO 

190 

3 K 

H 

a 
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General Specifications, Reinforced-concrete Arches, 
Division 4 

Rock or hardpan foundations: 

Maximum pressure, hardpan. 6 tons per square foot 

Maximum pressure, soft rock. 8 tons per square foot 

Maximum pressure, hard rock.10-20 tons per square foot. 

Arches not recommended on pile foundations (12 ton maximum). 
Arches not permitted on earth foundations. 

Arches not permitted with bottom ties (false arch) for spans 
over 10'. 


Quantity and Cost Diaorams Based on Following Design 
Assumptions (see page 324) 

(Trial Empirical) 

Road grade 2.0' above crown of arch extrados. Crown thickness 
not less than one-sixtieth of span and varied to agree approxi¬ 
mately with Schwada’s formulas for highway arches (Ketchum, 
p. 417). 

Approximate spring thickness of arch ring. 

3.0 X crown thickness for rise ratio of 0.125. 

2.8 X crow'n thickness for rise ratio of 0.15. 

2.5 X crown thickness for rise ratio of 0.25. 

Curve of trial arch axis based approximately on Cochran’s 
formulas for filled spandrel arches. 

Y = ((;i ^ 24 CV)(Hoo 1 and Johnson, p. 671). 

1 + 3 '' 

Final arch axis to correspond with dead load force polygon. 

Minimum longitudinal arch reinforcement 1% at crown. 

Transverse reinforcement to take full thrust of earth against 
spandrels and never less than ^3% of section area. 

Arch reinforcement symmetrical. 

Spandrel walls cantilever design (see p. 326 and 1019). 

Stirrups circular spaced twice the depth of the arch ring at 
crown. 

Empirical Test Stability Arch Rings.—A good quick test for the 
stability of the usual highway arch ring up to 80' spans, with rise 
ratios of 0.15 to 0.20 where the arch axis coincides with the dead 
load force polygon, and where the arch ring has at least the crown 
thickness snown on page 1087 and the intermediate ring tliicknesses 
are proportioned approximately as per table on page 1087, with 
symmetrical reinforcement equal to at least 1% of area at crown, is 
to compute compression in concrete for full dead plus full live load 
at crown and spring considering load uniformly distributed over 
section. Uniform compression at crown should not exceed 200 lb. 
per square inch and at spring 120 lb. per square inch. These 
limits will automatically take care of distorted live loading, tem¬ 
perature stresses, etc. 






Table 202.—Tabije of Coordinates, Trial Arch Axis 
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CONCRETE ARCHES 1087 

This rule should not be used for economic design but it affords 
a good quick check on designs submitted for approval. 

Readers arc referred to Hool and Johnson’s “ Concrete Engineers* 
Handbook”^ for full details of Cochran’s method of arch design, 
which is probably the best and most practical method at present 
in use (1926). 


Table 203.—Table of Arch Thickness 

Cochran’s Formula 


' Thickness in terms of crown thickness for differ- 
Half axis divided into j ent values of Us* 

10 parts V — j- - --— ---1- 



5 


Us 1 

Us 1 

Us 

Us 

Us 



' 2 0 1 

2.25 

2.50 

2 75 

3 0 

3.2s 

Crown . 


1 

1 I.000 1 

I .000 

1 000 

I .000 

I .000 

1.000 

0.05s . 


I .005 1 

I . 00.1 

1 003 

I . 002 

I .001 

1.000 

0.155. 


i I.015 1 

I .Oli 

1 .000 

1 006 

1.003 

1.000 

0.255. 


I .025 

I .020 

I .015 

I .010 

1.005 

1.000 

0.355. 


1.035 

I .028 1 

1 .023 

I .021 

I 023 i 

1.030 

0.455.. .. 


I . 048 

1.048 : 

I .057 

I .070 

I.083 ; 

I . lOI 

0-555 . 


I .085 

1.105 

1 • 133 

I . IO5 

1.193 

1.231 

0 65s. . . • . . 


r. 168 

I .215 

1.269 

I .328 

1.385 1 

( 1.45s 

0 755. 


1.311 

I 403 

I .508 

I .625 

1.737 

i 1.865 

0 855. 


1.547 

1.700 

I .802 

2.025 

2 . 185 

i 2.355 

0.955. 


1.837 

2 055 

2 277 

2 495 

2.709 

! 2.932 

1.00 spring. . . 


2.000 

2 . 2 S 0 

2 500 

2.750 

3.000 

3 250 


Arch thickness at spring 
Arch thickness at crown 


Approximate Trial Arch Thickness at Crown (2.0' Fill over 

Arch) 


Based on Schwada’s Rules (Modified) 


Span, feet 

Crown thickness, in inches, 
rise ratios 

for different 


0.10 

0.15 

0 

0 

0.25 

0.30 

0.40 

20 

9 

8 

7 

7 

7 

7 

30 

10 

9 

9 

9 

8 

8 

40 

II 

10 

10 

10 

9 H 

9 

SO 

12 

II 

II 

11 

loH 

10 

60 


13 

12^1 

12^5 

12 

13 

70 

10 

IS 

I4I.J 



4 

80 

19 

18 

17 

16 

16 

10 

Trial type Us —. 

3.25 

3.00 

2.75 

3.50 

3.25 

3 .0 


Preliminaiy Quanti^ Estimates.—The estimates of quantities 
are merely arithmetical procedure. The estimating of earth work 
and overhaul has already been explained in detail (pp. 971 to 1004). 
> McGraw-Hill Book Company* Inc. 
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The following tables provide good quick checks on the detail arith¬ 
metical computations of pavements, and incidental items. 

Table 163 (p. 994), conversion lineal feet to miles. 

Table 204 (p. 1080), square yards per 100' and per mile. 

Table 205 (p. io 8 q), cubic yards pavement per 100'. 

Table 206 (p. logo), gallons of bitumen per 100' road. 

Table 207 (p. 1092), materials required for concrete. 

In estimating concrete or steel for culverts and bridges it generally 
pays to prepare a table of quantities for the different standard struc¬ 
tures of different lengths which are sufficiently close for preliminary 
estimates. Tables 184 to 207 cover most incidental elements of 
ordinary drainage structures. 

On the completion of the estimate of net quantities the contract 
estimate is prepared and tabulated as in following table showing 
the net quantities, contingent allowance, and gross quantity on 
which bids are taken. 


Engineer’s Approx. Estimme of Quantities, Road 5021, 
County of Livingston 


lUsm 

No. 

Item 

r 

Net 

)uantitic 

Con¬ 

tin¬ 

gent 

3 

Gross 

bid 

X Cleaning and ^rubbint;^. L. S. 

3 Earth excavation, cubic yanls. 52.100 

3 Rock ex-^avation, cubic yards. 

7 Pipe undcrclrain, lineal feet. 500 

19 ! Portland cement, barrels . 10.500 

SI ' Cement-concrete pavement, cubic yards. 9,760 

I etc., etc. j 

1 4.900 

, 100 

2,000 

1 500 

; 240 

L. S. 

1 57.000 
j 100 

2.500 

1 20,000 

1 10.000 
! 


Cost estimates arc then prepared (sec Chap. XV for computation 
of unit costs). 

Construction FTans.—The con.struction plans should give 
sufficient information to show the contractor what he is expected to 
do and to enable the constructing engineer to stake out ana to build 
the road. 

A finished set of plans consists of a map, profile, and cross-sections 
showing the alignment in relation to tlie preliminary survey line, 
the proposed grade elevations, the shape of the finished road, the 
widtns and depths of road metaling, the crowns to be used, the exist¬ 
ing structures and the proposed structures, and all the minor pwints 
of design. Each department has its own method of giving this 
information, and it makes little difference bow it is shown so long 
as it is complete and clear. In general, it may be said that the 









PAVEMENT QUANTITIES 
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scales used are the same as in mapping the preliminary survey and 
that the size of sheets or rolls must be convenient to handle in the 
field; sheets larger than 24 by 30" are clumsy. 

Miscellaneous Information. Railroad Crossings .—The special 
de sign of grade crossings or elimination is discussed in detail in Chap. 
IX, Part I. 


Table 204.—Square Yards per ioo 'and per Mile for Differ¬ 
ent Width of Surface 


NVidia 

in 

Feet 

Number of Square Yards 

Width 

in 

Feet 

Number of Square Yards 

Per 100 Feet 

Per Mile 

Per IOO r ect 

Per Mile 

8 

88.8S9 

4,603 

26 

2S8.SC9 

15,253 

10 

III.Ill 

5 >^67 

23 

311.III 

16,4:7 

12 

133-333 

7,040 

30 

333-333 

17,600 

14 

iSS-SSf* 

8,213 

32 

335-556 

18,773 . 

15 

166,667 

8,800 

34 

377-778 

19,947 

15 

177 - 77 S 

9,387 

3 ^> 

1 400.000 

21,120 j 

iS 

200.000 

10,560 

3 ^ 

422.222 

22,293 

20 

222,222 

11,734 

40 

44^-444 

23,466 , 

22 

244.444 ; 

12,007 

1 

, 466.667 

24,640 ; 

24 

266.667 

14,080 

44 ! 

488,889 

25,813 1 

i 


Table 205.—Giving the Number of Cubic Yards of Macadam 
PER 100' OF Road for Different Widths and Depths 


Width 

of 

Macadam 




Du’TH 




3 ' 


3' 

3 P 

4 " 

S’' 

6 ^ 

7- I 

10' .... 

6.17 

7.71 

9,26 

lo.So 

12.34 

15.43 

18.52 

18.52 

21.61 

12' .... 

7.41 

9.26 

II.n 

12.96 

I4.S2 

22.22 

25-93 

14' .... 

8.64 

10. So 

12.96 

15.12 

17.28 

21.61 

25.92 

30-25 

15' .... 

9.26 

11.5S 

13.89 

16.20 

18.52 

23.16 

27.7S 

32.41 

16' .... 

9.88 

12.35 

14.81 

17.28 

19.76 

24.70 

29.63 

34.57 

18' .... 

11 .II 

13.90 

16.67 

19.44 

22.22 

27.79 

33.34 

38-89 

30' .... 

ia -35 

15.44 

18.52 

21.60 

24.70 

30.87 

37.04 

43.21 

22* .... 

13-58 

16.98 

20.37 

23.76 

27.16 

33-96 

40.74 

1 47-53 
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T/Vble 207.—Materials Required for i Cu. Yd. op Concrete 


Mixture 

Cement 

Sand 

Stone ' 

ll-ii-3 . 

1.9 bbls. 

0.42 CU. yds. 

0.85 CU. yds. 

1-2-3. 

1-7 “ 

0.52 “ “ 

0.77 " “ 

i 1-2-4.! 

1-5 “ 

0.45 “ “ 

0.90 “ “ 

ii-2t-s . 

1.2 “ 

0.46 

t 0.92 

. 

i 

i i.o ‘‘ 

0.47 “ “ 

1 O.QS “ “ 


The amount of water used per cu. yd. of concrete will vary 
greatly. A plastic mixture usually requires about 30 gals, per 
cu. yd., according to Baker, 40 gals, according to Barnes. 

Where boulders are embedded in the foundations and side 
walls of small culverts similar to Plate 15, less cement, sand, and 
stone are required; our experience with work of this kind shows 
jthat only 0.8 to 0.9 bbls. of cement are needed ptT cu. yd. for the 
Itotal amount of concrete in these culverts including cover and 
Iparapets, For all classes of w’ork where boulders cannot be cm- 
l^dded these proportions are about right._ 


Puller’s Rule.—An approximate rule for ready calculation is the 
one originated by William B. Fuller, and is as follows: Divide ii 
by the sum of the narts (by volume) of all the ingredients; the 
quotient is the numoer of barrels of Portland cement required per 
cubic yard of concrete. Multiplying this by the number of parts 
of sand and of stone will give the number of barrels of each. To 
reduce barrels to cubic yards, multiply by 0.14 (since a barrel 
contains 3.8 cu. ft. and there are 27 cu. ft. in a cubic yard). 

For example, suppose it is wished to mix a concrete in the pro¬ 
portion 1-3-6. Then 

6 -f 3 -f I = 10. 

II 10 = 1.1 bbl. of cement required per cubic yard of concrete. 

3 X 1.1 X 0.14 = 0.462 cu. yd. of sand required per cubic 
yard of concrete. 

6 X 1.1 X 0.14 = 0.924 cu. yd. of crushed stone required per 
cubic yard of concrete. 

Fuller’s rule gives slightly more cement per cubic yard than is 
given in Table 207. 

Wastage.—The quantities given by this rule and Table 207 are 
net quantities and do not allow for waste in unloading, hauling, etc. 
Wastage of sand and stone will amount to 2 % to 10% depending 
on method of handling. 
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Table 207^4.—Amount of Cement and Sand per Cu. Yd. 
OF Mortars 


Mortar mix 

Cement, bbls. 

Sand, c. y. 

1:1 

4-7 

0.72 

1: i.S 

3 9 

0.86 

1 :2 

3 2 

0.9s 

1:3 

2.4 

1.07 

1:4 

1.9 

115 

1 


Right-of-way Computations.—The form of traverse computation 
and closure was shown on page 842. 

The areas of rights of way are generally figured by dividing the 
parcel into rectangles, trapezoids, triangles, sectors, or segments, 
and figuring these shapes from the formulas given on page 1576. 
These areas arc checked by planimeter. They arc usually figured 
to the nearest o.oi acre. 

The method of double-meridian distances can, however, be used 
if desired. Tiie following formula and example are given to illus¬ 
trate this method. It is not often necessary and is a tedious 
computation. 

The rule is: Txince the area of the figure is equal to the algebraic 
sum of the products of the double-meridian didances of each course 
multiplied by its latitude^ in which the double-meridian distance 
equals the sum of the meridian distances of the two ends of each 
course referred to the meridian drawn through the most westerly 
point of the jiarcel, and the latitude of each course is reckoned as 
plus if the course runs north and minus if it runs south. Take 
as an example the right-of-way parcel shown in Fig. 276 (p. 842) 
for which the traverse has been figured, and refer the meridian 
distances to the meridian drawm through the corner 3.1' distance 
from Sta. 194 + 7i-7- 
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Sample Design Report 

“ Rush-Mendon. Part i. Road 1392. 

Monroe County, New York, 

Division Engineer, 

Rochester, N. Y. 

“ Dear Sir: 

Find attached design report. Road 1302. 

“Considering traffic, soil, and local material conditions, we recommend a 
16' penetration-bituminous-macadam pavement varying in depth from lo 
to 20“ and averaging 11" for the entire road with gravel shoulders, 6 % maxi¬ 
mum grade. 301' minimum radiu-s of curvature, 350' minimum sight distance. 
24 to 33' width of grading section, to 1 slopes and cut to fill ratios of l.io 
to 1.30. A satisfactory pavement of this character is estimated to cost 
approximately f 1.60 per square yard for construction, 3.5 cts. per square 
yard per year for ordinary maintenance and 11 cts. per ^uare ya^ per year 
for renewals over a long term of years. The total estimated construction 
cost is 1100,000. The detail report follows: 


Detail Report 

“i. Location and Length.—Proposed Road 1392 extends from Road 1393 
to Road 1187, a distance of 3.69 miles. It completes the east-and-west 
state system in this locality and gives a continuous road from Caledonia to 
Canandaigua via Scottsville. It is not likely that this route will change the 
volume of traffic on Route 6 (Canandaigua to Caledonia via Avon), as 
Route 6 is shorter, but it will serve as a convenient pass during times of 
reconstruction on Route 6. 

**3. Traffic Classification.—Road 1392 is on the verge between Classes II 
and III traffic according to classification map. It will probably carry about 
^00 to 1000 vehicles daily, which is lower-limit Class If or upper-limit Class 

Grades and Alignment.—The existing alignment is quite good 
and requires only minor improvements. The existing grades arc in the main 
easy, with a few short steep grades of 8 to 9 %. The new profile, as a rule, 
follows the existing road closely with short grade reductions. The total rise 
arid fall for the old and new road is about the same. The proposed grading 
will have some effect on motor operation cost, but is largely useful in provid¬ 
ing a convenient width for traffic and a smooth bed for the pavement. In 
figuring the economic value of the improvement, grade reductions can be 
given some weight for this road (see accompanying tabulation based on 
Curve I, Fig. 2. p. 13). Total grading cost estimated at I33.000. Maxi¬ 
mum economic benefit of grading estimated at 118.000. 
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Comparison Capitalized Motor Operation Cost, Old and New 
Profile 


(Based on Curve 1, Fig. 2, p. 13) 


Rate of 
grade, 
per cent 

Estimated 
capitalized 
cost per 100 
vehicles daily 
per foot of 
distance 

Old profile 

New profile 

Length. 

feet 

Amount 

100 vehicles 
daily 

Length, 

feet 

Amount 
xoo vehicles 
daily 

1.0 or less 

% 9 10 

8.300 

1 75.430 

7.900 

1 71.800 

1.5 

9.12 

800 

7.290 

400 

3.648 

2.0 

9. IS 

1.200 

10.980 

1.700 

15.SSS 

2.2 

9.17 

200 

1.834 

800 

7.336 

2 4 

9 ig 

500 

4.50s 

700 

6.433 

2.6 

9 21 

600 

5.526 

300 

2.763 

2.8 

9.23 

1.000 

9.230 

800 

7.384 

3.0 

9.2S 

800 

7.400 

1,600 

14.800 

3 3 

9.28 

800 

7.424 

500 

4,640 

3.4 

9.31 

soo 

4 , 6 sS 

SOO 

4.655 

3.6 

0.34 

400 

3.736 

1,000 

9.340 

38 

9 37 

lOO 

937 



40 

9 40 

400 

3.760 

700 

6.580 

4-2 

9 45 

300 

2.835 

200 

1.890 1 

1 4-4 

9 SO 

4<’0 

3.800 

400 

3.800 1 

! 46 

9 56 

SO'J 

4.780 

100 

9 S 6 

: 4 8 

9 63 

200 

I.92O 

200 

1,926 ' 

SO 

9 70 

300 

2.910 

1 100 

1 970 

! 5 2 

9 80 1 

100 j 

980 

I 100 

980 

' 5-4 

9 90 j 

100 

990 

t 


> S .6 

10.00 1 

400 ] 

4,000 

300 

3.000 . 

S.8 

10.0 ! 

400 

4.040 

400 

4,040 

6.0 

10 20 



800 

8.160 j 

6.5 

10.70 




j 

7.0 

11.20 

xoo 

1.120 



7.5 i 

11.8s 

soo 

S.O25 



8.0 

12 50 

300 

2.500 



8.5 I 

13 25 

100 

X. 32 S 



90 j 

14.00 

100 

1,400 



9 5 

14 7 S 





10.0 ! 

15.50 

200 

3.100 



xoo vehicles daily total... 
Soo vehicles daily total... 


1184.534 

5922.534 

1 

I180.746 

1904,000 


Maximum economic value of grading |i8,ooo. (922.000 — 1904,000) 
**4. Suitable Tvpes of Pavement (Based on Traffic Classification).— 
For lower-limit Class II traffic, either penetration bituminous macadam or 
water-bound macadam oiled is suitable (see Table 13. p. 58). Reinforced 
cement concrete might be considered under specially favorable conditions 
of material supply, but for the volume of traffic expected there would 
probably have to be unusually strong reasons of expediency to warrant 
consideration of this type. For comparative estimate purposes the cheapest 
possible type of this pavement will be used (see Fi^. 150, p. 454 ). uniform 
' Z.7 cement content, 50-lb. reinforcement per xoo sq. ft. 

subgrade soils are as follows: 


depth, 1:2:4 mix, 
of pavement. 

^ Soil*.—The 








DESIGN REPORT 


IOQ 7 


Soil on Road 1392 

(Named in order of greatest amount of each first) 


Station 

Soils 

Station 

Soils 

1 

0- 2 i 

2- 72 
72-106 
106-110 
110-126 
126-130 
130-142 

1 

Muck 

Loam gravel sand 
Loam gravel 

Sand loam 

Loam clay 

Loam muck 

Loam gravel 

142-154 

IS 4 -IS 7 

157-160 

160-165 

165-173 

172-181 

181-194 

Loam c^ay 

Loam sand 

Loam muck 

Loam clay 

Loam sand 

Clay loam 

Loam clay 


** 6 . Uniform Strength Design (Alternate Pavement Estimates).—Mac¬ 
adam depths based on Table 153 (P* 959 ), concrete pavement based on 
Fig. 156 Cp. 454 )- 


1 

Station 

to 

station 

Soil 

Grading conditions 

Total pav 

Macadam, 

inches 

ement depths 

Concrete 1:2:4 
mix, 0.5-lb. 
reinforcement 
Dcr square 
foot, inches 

0- 3 

Muck 

Gravel fill 4' 

8 

7 

2- 49 

Loam gravel 

Light cuts and fills 

10 

7 

49 - 51 

Loam gravel 

Fill 2 to 4' 

9 

7 

SI- 72 

Loam gravel 

Light cuts and fills 

10 

7 

72- 89 

Loam gravel 

Light cuts and fills 

10 

7 

89- 91 

Loam gravel 

Fill 2 to s' 

9 

7 

91-106 

Loam gravel 

Light cuts and fills 

10 

7 

106-I10 

Sand loam 

Light cuts and fills 

9 

7 

110-112 

Loam clay 

Fill 2 to 4' 

10 

7 

112-123 

Loam clay 

Light cuts and fills 

1 2 

7 

123-126 

' Loam clay 

Fill 2' deep 

I I 

7 

126-130 

Loam muck 

Light cuts and fills 

20 

81 

130-142 

Loam gravel 

Light cuts and fills 

10 

7 

142-149 

Loam clay 

Light cuts and fills 

1 12 

7 

149-153 

Loam clay 

Fill I. s' deep 

1 ^ ^ 

7 

I S 3-157 

Loam sand 

Light cuts and fills 

1 10 

7 

157-160 

Loam muck 

Light cuts and fills 

20 

8» 

160-165 

Loam clay 

Light cuts and fills 

12 

7 

165-172 

Loam sand 

Light cuts and fills 

10 

7 

172-181 

Clay loam 

Light cuts and fills 

13 

7 

181-194 

Loam clay 

Light cuts and fills 

12 

7 


* 12-in. gravel subbase under concrete. 


Average depth macadam ii". Use normal 10" with extra subbaso 
allowance. 

Note. —The average of 11" is liberal, as Road 502 at east end of this 
road has served same class of traffic with same general soil conditions with a 
depth of 9'* for the last 10 years with only minor area weakness. 

Road S02 has a 6 '' boulder base and a 3'^ penetration-bituminous-mac¬ 
adam top. 

“We recommend for this road a boulder base 6H to deep laid in 

layers not exceeding 8'' depth filled with coarse gravel or crushed stone and 
cap^d with a 3 "penetration-bituminous-macadam top. 

^*7. Amountf of Material Required.—There are 37»ooo sq. yd. of pavement 
on this road. 
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** Macadam tyi>e of pavement will require approximately: 

7,800 cu. yd. gravel or boulder foundation 
3,700 cu. yd. top course 
75.000 gal. bitumen (binder) or 
12,000 gal. surface oil 

"Concrete pavement will require approximately: 

7,250 cu. yd. 1:2:4 concrete 
12,300 bbl. cement 
166,000 lb. steel 
10,000 lin. ft. expansion joints 
400 cu. yd. gravel foundation. 

”8. Materials Available. —For details, see Survey Field Book 130:?. A 
limited supply of local boulder fence stone fit for subbase or crushed bitu¬ 
minous macadam top is available. Unlimited supplies of coarse hard gravel 
fit for subbase, subbase filler, or concrete are available. Imported materials 
can be unloaded at Rochester Junction or Rush and delivered with short 
hauls. Water supply abundant year round from Honcoye Creek. 

"For purposes of estimating concrete pavement, use Mead’s gravel pit, 
Sta. 50. 

"For purposes of estimating macadam, use local boulder subbase bottom 
entire length filled with gravel or local crushed stone and capped with jh'' 
consolidated depth of local granite top. Stas, o to 100. and imported lime¬ 
stone top. Sta. 100 to 195. There are 10,000 to 12,000 cu. yd. of boulder 
available, but in order to get this amount the farmers will insist on bottoms 
being cleaned up, which will necessitate blasting large granite boulders 
which can be used to best adv’antage for local stone top bituminous macadam 
type. For water-bound macadam, imported limestone will have to be used. 

"On this basis, fair comparative preliminary estimates of cost are given 
in Art, 9. Detail cost fibres are on file in estimate book under Road 1392. 

**9. Comparative Cost jBstimates. 



* Limestone top (oiled). 

* Part granite, part limestone top. 

"Grading, culverts, and incidental items arc estimated at $43,000 for all 
types of pavement. 

** Total estimated construction costs for different wldth.s of different types 
are tabulated below: 




Widths of pavement 
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Effect of Motor Operation on Total Cost of 

Types to the Community (Based on Table, p. 

SSI. Chap. VII) 

“For a volume of 500 vehicles daily the compara¬ 
tive total yearly charge against the different types 
proposed is as follows: 

Water-bound macadam.. $0.24 -f $0.01 » $o.2S 
Bituminous macadam... 0.225 4 - o.oi ■» 0.23s 

Cement concrete. 0.245 -j- 0.00 ■■ 0.245 

“ro. Reasonable Maximum Expenditure. —Rea¬ 
sonable expenditures based on reduction in traffic 
operation cost can be estimated approximately as 
follows: 

“Grade reduction value (Art. 3 of this report) is 
estimated at not to exceed f 18,000. 

“ Pavement value is roughly estimated as follows: 
The old existing road is a narrow gravel road in fairly 
good condition; the new pavement will not probably 
reduce the cost of operation over i ct. per vehicle mile, 
but it will add materially to the safetyand convenience 
of operation, which are classed as intangible benefits. 
Actual reductions in operation cost (see Table 7. 
p. is) will not probably justify construction expend¬ 
itures of over S16.000 per mile for 500 vehicles daily, 
or a total of approximately $60,000. The total max¬ 
imum economic value, including grading and pave¬ 
ment, .does not probably exceed $75,000. Any 
expenditure over this amount must be charged to 
convenience, pleasure, and other desirable intangible 
benefits. This indicates that caution should be exer¬ 
cised in running the cost up needlessly. Article 9 
indicates that, in order not to exceed the economic 
limit, a 10' width of water-bound macadam is the 
most feasible solution. A pavement as narrow as this 
is not in accord with the general highway policy, 
which is based on a minimum width of 16' on the score 
of intangible benefits. We therefore recommend the 
use of 16' width of bituminous macadam estimated 
to cost $100,000. This recommendation seems to be 
warranted, as this type will ^tisfy traffic demands 
wMthout running the construction cost up needlessly 
and without increasing the total final cost of roaa, 
including maintenance, renewal, and motor operation 
over and above the final cost resulting from the use 
of a more expensive first-cost pavement. 

“ii. Bridges. —There are no bridges on this road.^ 

“12. Railroad Crossings.—At Sta. 91, the road 
crosses the Rochester branch of the Lehigh Valley 
R. R. at grade. This crossing is a blind one and has 
no protection. It is 69 in order of importance in this 
division for elimination, which means it will not be 
eliminated fpr a number of years, but in the mean¬ 
time it is entitled to better protection than now exists; 
we recommend the immediate installationof automatic 
flash signals located on the side of the road outside of 
the pavement area.* 

Designing Engineer” 

Remarks. —For the interest of the reader, actual 
procedure on this road was as follows; Plans were first 
prepared for cement-concrete pavement. Before these 
were let, the administration changed and the plans 

^ For typical bridge report see p. 327. Chap. IV, and 
p. 774. Chap. XII. 

* For detailed discussion of grade crossings see 
Chap. IX. 
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were revised for bituminousraacadara7'"boulderbase,3/'imported slag middle 
coxirse, and a^'^moorted limestone top.engineer’sestimateof cost.$ 123.000. 
The road was constructed on this basis for Sioa.ooo actual contract cost; 
the pavement proper cost S65.000. or approximately Si.75 Pet square yard. 
This final solution was an improvement over the first plans. A careful 
engineering design could probably have decreased the cost at least S8000 
to Sio.ooo as shown in the body of this report, by a more complete utilization 
of local materials and more variation in depth to meet varying soil cpnditions 
and a somewhat more economical grading design. An automatic signal'has 
recently been erected at the railroad crossing as recommcmled. 

Record Plans and Maps 

No generalization can be made as to records except that they 
must be complete and be kept up to date. 

On the completion of construction the original plans arc amended 
to show all construction charges, subgrade soils, depths of pavement 


OE ElO E20 E30 E40 



Pariiolindtx of Locedion ofPoad Corners 


Corner 

Nor Hi 

Bas^ 

Number 

Coordlnafo 

Cocrdinc 

/ 

N 39 

B 4 

2 

N 39 

BI 4 

Bh. 


— 

20 

Nt& 

E 36 


Sample record map, showing location of bridges, railway crossings 

etc. 

Station by station, etc. Similar plan records are kept for recon¬ 
struction so that it is possible to determine subsoil and pavement 
thicknesses at ail points. 
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Accurate district road maps giving local names and with all road 
intersections numbered are necessary in order to locate structures, 
detours, grade crossings, bridges, etc. by a definite designation 
which can be easily followed in correspondence. The accompanying 
sketch illustrates a convenient method for such maps. 

Similar maps showing location and condition of bridges and grade 
crossings help materially in laying out reasonable programs. 
Sample map of this nature is shown on page iioo. 


Map Symbols antd Legends 

Bridges: 

Masonry and concrete; 

Ample width and strength. 

Narrow but strong. 

Ample width but weak. . 

Narrow and weak. 

Safe load in tons-brackets. 

Steel: 

Ample width and strength. 

Narrow but strong. 

Ample width but weak. 

Narrow and weak. 

Safe load in tons-brackets. 

Wooden: 

Ample width and strength. 

Same symbols for w'idth and strength as for other types. 
Railroad Crossings: 

U —U nprotected 

W. —Watchmen—no. hours (12) 

A,S .—Automatic signals. 

E.G. —Elimination—good. 

E . F . —Elimination—fair. 

EJF. —Elimination—poor. 

Location of Materials: 

X—Sand. 

^—Gravel 
^—Stone. 

Etc. 

Sample number after symbol. 

Pavements: 

Any symbols desired. 

On sample map as follows: 
earth. 

tmm wmm ■^Gravel. 

■*—"Macadam. 


oncrete. 


Explanation of Sample Record Road Map.—The main value of 
record highway maps is to show the location and general condition 
of the pavements, bridges, railroad crossings, detours, unloading 
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points, and local material supplies. After the base map is prepared 
it is possible by means of various symbols and legends to include 
any class of information desired. 

As a general rule, it is desirable to avoid cluttering the map up 
too much, which results in separate maps for pavement records, 
material supplies, bridges, grade crossing, etc. The sample map 
given includes all these types of information merely to illustrate the 
value of such maps and is explained as follows: 

Detours. —Suppose bridge 6 between corners 18 and 19 is closed for 
repair and it is desired to indicate the detour by letter or by tele¬ 
phone message. Detour is as follows corner 18-14-15-19 by good 
gravel and macadam roads. 

Bridge Data. —Supi>ose it is desired to move heavy machinery; 
such movements can be routed by means of the bridge data and 
comer numbers. 

Grade-crossing Data. —General condition of territory in the matter 
of protection can be easily visualized by a map bearing these data. 

Location of Local Materials. —Gravel pit (olTicial sample G-33) 
suitable for gravel bottom and top courses but unsuitable for con¬ 
crete is located N20 East 10. 

Requests for Expenditure Authorization. —Location of culverts, 
bridges, etc. can be easily made as follows: 

Culvert located 320' from corner 21 towards corner 22. 

Rural Directory Location. —Corner 21 towards 22 (3-R) meaning 
third house on right side of road. 

Any number of other uses desired. 

THE LOCATION OF NEW ROADS 

Detail instructions compiled by the author for drafting-room 
procedure in connection with the design of mountain roads. 


Notes for Designers on the Preparation of Plans 

In the preparation of plans, the quickest and easiest methods 
which will be sufficiently accurate for the purpose should be used. 

In this connection, it should be borne in mind that, as a rule, 
graphic methods are to be preferred to computations wherever such 
methods are sufficiently accurate. This will probably occur in nine 
cases out of ten. 

Considering the methods which will be employed in constructing 
mountain roads and in staking them out for construction, localized 
errors in paper locations are not imjx)rtant factors ini determining 
the value of the design. 

A localized error in length of i or even 2'per 100' on one curve 
will not materially affect the accuracy of the layout or the quantity 
of excavation, particularly as these errors tend to balance and they 
arc never cumulative. 

A localized error of o.i or even 0.2' on the profile grade line will 
not destroy the value of the plans or the value of the estimate, as 
it is not cumulative. 
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Careful graphic methods will not exceed these limits and the 
average error should be well within the necessary accuracy. 

A sample sheet of plan and profile using graphic methods is 
attached (see p. 1106). This shows a uniform method of procedure 
which is to be followed wherever, according to best judgment, the 
method can be used. 


Instructions for Drafting Room 

It is necessary in drafting-room work to keep all records and 
computations in as neat and orderly condition as possible. 

Have on your desk only as much material as you need for the 
work you are doing. Keep the rest in the files. 

At night clean oti the tables completely and place your working 
material either in your table drawers or in the files. Cover tables 
with cover. 

All computations and maps must be marked plainly with the 
name of the job. 

All office computations which will become part of the permanent 
records are to be made on the forms provided or on letter-sized 
sheets. 

The designing chief for each project will be responsible for the 
following notations on all records: 

Name of job on each separate sheet or roll of computations and 
{)lans 

Name of computer on each sheet. 

Name of clieckcr on each sheet. 

The methods emi)loyed in all work should be shown in enough 
detail to make it possible for anyone to check the results. 


Drafting-room Supplies 

Tracing cloth, plain, 25" wide. 1.7 yd. per mile 

Detail paper (36" wide) (i lb. = 8' of 36" paper) lb. per mile 
CTuss-section paper (opaque) (used for profilosj 22" wide 

1.7 yd. per mile 

Transparent cross-section paper (22" wide). 6 yd. per mile 

Oos.s-section sheets (18 by 24"). 12 sheets per mile 

(’ost per mile, office supplies, $1.50.* 

Detail Instructions, Motmtain Road Design 

These instructions have been prepared in detail, as many of the 
men have no idea of the order of work or reasonable speeds on the 
various parts of the design and in many cases they waste time by 
needless work on the rough plans. The cost of design work is often 
high on account of the inexperience of the force. By a careful study 
of these instructions some improvement in speed and cost should 
be obtained. 

^ iQiS scale of costs. 
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Speed of Work. —The following list of reasonable speed is based 
on a 7-hr. working day for the average man. If you are not equal¬ 
ing this rate ask the chief draftsman to see if he can help you find 
the cause. 

General Speed.—Two miles per month per man of completed 
plans when men are experienced. 

About miles per month per man when force is not used to 
road design. 


Table 208.—Detail Reasonable Speed 


Approximate 

Division M iles per Day 

of Work per Man 

r. (a) Plotting, checking, and inking base line 

and plotting topography. 1.5 

^{b) Base-line profile complete. 3.0 

Computing and checking cross-section notes, 

140 sections approx., per day per man. . i 5 

'(c) Plotting and checking cross-sections. 10 

(d) Inking cross-sections. 1.5 

2. (a) Trial grade line. 7.0 

'(6) Projecting grade contour on map. 1.5 

(c) Projecting final center line. i .0 

3. '(a) New center-line profile. i.o 

'(6) Balanced section profile. 1.5 

(c) Trial final grade based on balanced profile i. 5 

(d) Drawing templets on sections. 2.0 

(c) Planimeter sections and compute quanti¬ 
ties . 0.8 

'(/) Determine final grade line and balance 

quantities. 0.4 

{g) Ink final grade line. 7 0 

4. fa) Compiling estimate. 2.0 

5. (a) Traang plans. 0.6 


* Indicates work that can be done to advantage by two men working 
together. 


Reasonable Cost 

General Cost 1 $40 to $50 per mile with experienced men 
Completed Plans / $80 to $100 per mile with inexperienced men 


Detail Costs 

Based on the following wages: 

Designer. 

Draftsman. 

Tracers. 

Computers. 


$150 per month 
110 per month 
90 per month 
80 per month 
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1917 


2. 


3 - 


4 - 

5 * 


Scale of Costs. 


Costs in 1926 about 80% Higher 
Than 1917 

Cost 

per Mile 


(а) Detailed paper map. $ 2.50 

(б) Base-line profile. i.oo 

Computing sections. 2.00 

(c) Plotting and checking cross-sections. 3.00 

(d) Inking cross-sections. 2.00 

(a) Laying trial grade. i.oo 

(b) Projecting grade contour. 3.00 

(c) Projecting final center line. 8.00 

{a) New center-line profile. 3.50 

{h) Balanced section profile. 4.00 

(c) Trial final grade based on balanced profile. 4.00 

(d) Templets drawn on. 3.00 

(e) Plammcter and computation of quantities. 4.00 

(/) Determine final grade line and balance quanti¬ 
ties. 10.00 

(g) Ink in final grade line. .50 

(a) Compile estimate. 3.00 

(a) Trace plans. 5.00 


Total 


S59 50 


Stadia Surveys 
(Reasonable speeds) 

Field work.400 to 600 shots per day (three-man party) 

Office work: 

Reducing and checking shots. 350 shots (two men) 

Plotting shots. 500 shots (two men) 

Detail Office Design, Manipulation 

General Note.—Get all information on rough plans and profiles 
needed by the tracer, but do not ink anything not likely to be erased 
during the design and do not attempt to print notes, etc. A great 
deal of time is being wasted every day by unnecessary work on the 
rough plans. It is appreciated that good work has been done, but 
further improvement can be made. 

Be careful to mark the name of the road on all rolls, sheets, etc., 
before starting work. 

It is not expected that these instructions will be followed 
absolutely, but the system outlined has been proved in practice 
and it is expected that you will follow the principles, give the 
information called for, and that you will eliminate useless work. 

I. Preliminary Work. a. Map.—(See sample map. One man 
working alone.) 

The map is drawn on a roll of detail paper 18" wide. 

Scale i" “ loo'. In exceptionally hard locations use i" « 50' 

Order of Work. —(i) Plot base line in pencil (6H) using vernier 
protractor or tangent method in plotting angles and careful scaling 
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for distances between transit points. Plot bearing of each course 
from north line drawn through each transit point. 

(2) Check this plotting. 

(3) Ink in the base line with a fine, solid black line and mark the 
transit jxiints with small circles. 

(4) Mark the even stations with a short ink dash and number 
every fifth station in black ink. Mark station of transit points in 
black ink. 

(5) Mark true bearing or azimuth on each course in black ink 
and check. 

(6) Show the location of each cross-section by a fine red-ink line 
extending far enough from the base line to reach any center line 
shift and check. Do this work very carefully as your center- 
line distances wnll be affected. 

(7) Plot topography in pencil (4II) making the lines heavy and 
firm so it can be easily traced without inking. DO NOT INK. 
Write all notes, property names, etc., in large plain longhand. 
DO NOT PRINT. Use 4H pencil with a blunt point so tracer 
can read easily. 

b. Base-line Profile.—(See sample profile.) 

Use heavy white paper roll 22'^ wide ruled in squares 10 to the 
inch. 

Scales. —Use i" = 100' horizontal or i" = 50' horizontal to 
agree with the map scale. Use i" = 10' vertical. 

Order of Work. —(i) One man mark even stations in pencil 
along upper margin. Use 4H pencil with blunt point and make the 
figures large and distinct, but don’t be fussy. 

(2) (Two men.) One man calling from notes. Other man write 
in pencil on profile the elevations of base line at even stations and 
pluses. 

Record these elevations in tens, units, and tenths. Do not 
record hundreds and thousands. These can be easily determined 
by the datum on the profile and their omission saves time. 

Also, write pluses of stationing on margin. Use 4II pencil, 
large plain figures, but do not be fussy. Check back these figures. 

(3) (One man.) Plot profile points by referring to elevations 
marked in pencil. If reasonable care is taken in plotting, this need 
not be checked. 

(4) Ink in ground line with light, firm black-ink line. 

c. Cross-sections. —(See sample sheet.) 

Plot on transparent cross-section paper cut in sheets 22 by 36'’ 
and ruled i" = 10 parts or i" = 5 parts heavy and 5 subdivisions 
lighter. 

Scale. —Use i" = 5' except for exceptionally heavy work when 
i" = 10' may be used. 

Elevations. —Points must be plotted by their absolute elevation 
referred to the datum used for the bench levels. The heavy lines 
outlining each square inch must be used as an even 5 or 10' of 
absolute elevation. 

Order of Work .—(Two men work together.) (r) Mark base¬ 
line verticals and use same vertical for all sections in each row. 
Generally two rows of sections can be placed on each sheet. 
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(2) Plot ground-line section points by dot surrounded by small 
circle and write in pencil, vertically, on the base line the elevation 
of the ground at the base line. Write on the right-hand mar^n 
directly oppKDsite and level with the intersection of the ground bne 
and base line, the base-line station and note it as B. L. Sta. 123 -f 



Fig. 323. 


(3) Check all operations of plotting and recording by reading 
back from the actual plotted elevations. No corrections need be 
made for errors of o.i'. Correct for any larger errors. It is 
extremely important that the cross-sections be accurately plotted 
and carefully checked, as the design depends more on this phase 
nf the work than on any other part. 

Elevation and distances farther than 40' from B. L. should be 

. .1 . 37-6 Elev. 

wntten in pencil, viz., -— . 

^ * * 45 Dist. 
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d, Inkiiig Cross-sections. —(One man.) Ink in checked pencil 
cross-sections. 

Use firm, moderately heavy line (black ink) for the ^ound line. 

Use large black-ink heavy-line letters and figures in marking 
base-line elevations and station numbers. 

Note. — The cross-sections must he inked before they are used 
in the design. 

3. Grade-line Design, a. Trial Grade Line.—(One man, the 
designer.) 

On the base-line profile draw on a trial grade in pencil (6H), 
using fairly long straight grades and cutting every bump and filling 
every hollow. 

Remember that the object of the trial grade is to smooth out the profile 
on side-hill work by center-line shift. It is fundamentally different 
from the final grade line which endeavors to follow the new center-line 
profile as closely as possible. 

b. Projecting Grade Contour on Map.—(Two men.) The grade 
contour should only be determined on side-hill work where the 
center line can be shifted to advantage. Designers are cautioned 
not to use the grade contour method in fiat or rolling country. Never 
destroy good alignment in easy country. It is preferable to use an 
undulating grade. 

Order of Work. —i. On each cross-section determine the distance 
right or left of the base line where the trial grade-line elevation 
for that particular section hits the ground line. Locate this by 
means of the absolute elevation of trial grade determined graphi¬ 
cally from the grade profile. 

Do not determine this point by the method of base-line profile, 
cut or fill as this latter method introduces more chance of error. 

(2) Note the location of these points by a light pencil vertical 
dash and write in pencil lightly the number of feet from the base 
line. 

(3) Check this work. 

(4) Plot these points on the detail map and mark them by a 
pin hole surrounded by a small red-ink circle. 

(5) Check this plotting. 

c. Projecting Final Center Line.—(One man, designer.) (i) 
Draw on map the proposed center line in pencil (6H), following 
as closely as possible the grade contour marked with the red circles, 
considering the limitations of alignment imposed by reasonable 
engineering considerations and the type of road desired. This 
work should be very carefully studied and is a slow operation. 
The curves should be drawn with the standard office curves or 
compass and their radii noted in pencil. The approximate loca¬ 
tions of the P. C.’s and P. T.'s snould be shown by short pencil 
lines perpendicular to the tangent. If possible, short tangents 
should separate curves, but this limitation must be used with judg¬ 
ment ana is not intended to apply to extremely difficult or costly 
locations. 

Make this projection with sufficient care so that the center line 
is practically settled on at this point of the design. This is 
important. 
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(2) Mark the even stations on the new center line continuously 
by scaling. Use a standard scale on the tangents and the stepping 
method with dividers on curves. Check this. Do not use the 
stepping method on tangentSy as it generally introduces a cumulative 
error. Number every fifth station plainly in large figures. 

(3) Mark lightly in pencil the new center-line stationing where 
eacn base-line cross-section line previously drawn in red on the 
map intersects the new center line. Check this. 

(4) Mark lightly in pencil at each of these cross-sections the 
distance from the new center line to the base line and check this. 
You are now ready to transfer the location of the final center line 
to the cross-sections and plot the final center-line profile. 

3. a. New Center-line Profile. (Two men.) Order of Work .— 

(i) Mark 6n cross-sections with a short vertical distinct pencil 
arrow the location of the adopted center line determined by the 
previously scaled and noted offset marked on the plan. Check 
them. 

(2) Directly under the noted base-line station on the right-hand 
margin of the cross-section sheet write in pencil the new center- 
line station for each corresponding base-line station as previously 
determined and shown on the map. Check this. 

(3) Mark in pencil the absolute elevation of the ground at the 
new center line. Check this. 

(4) Plot the true center-line profile, using the true center-line 
horizontal distances and stationing, the true center-line ground 
elevations as shown on the cross-sections and showing (as per 
sample profile) the equivalent B. L. stationing at each section. 

Use the same manipulation methods as regards pencil and ink as 
described for base-line profile. 

b. Balanced Section Profile.—(Made by designer and one helper.) 

Note. —At this point eliminate from all further consideration 
the base-line profile and trial grade. A great many men attempt 
to make the final grade similar to the trial grade, w^hich is 
absolutely the wTong principle, except w^herc a ruling grade governs. 

Order of Work. —(i) Select the templet suitable to the cross-section 
under investigation. 

(2) Shift tins templet up and dowm (with the center line always 
coinciding w'ith the final centcr-Iine location previously marked on 
the cross-section) till it reaches a point where by inspection you 
judge that the cut area will make the fill area as shown. Mark 
the center-line elevation of the templet lightly in pencil with a short 
horizontal dash and write lightly the absolute elevation of this dash. 

(3) Plot the center-line elevations of these balanced templets 
on the new center-line profile for each section by a pencil dash, using 
the absolute elevation previously determined. Do not plot by plus 
Of minus from the ground Zinc, as this introduces more chance of error. 

(4) Check this plotting very carefully. 

(5) Ink the short dashes with red ink but do not connect these 
points. 

Note. —This portion of the work is very important, particularly 
on a fairly uniform profile. By the use of these balanced templet 
elevations the final grade can generally be balanced with less work, 
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shorter hauls, and from lo to 30% less excavation than if a hit-or- 
miss method based on ground line is used. The value of this part 
of the design cannot be over-emphasized. On an extremely rough 
profile requiring a succession of heavy cuts and fills it is not 
applicable nor advised. 

c. Trial Final Grade Based on Balanced Templet Elevation.— 

(Designer must do this personally.) 

of Work. —(i) Lay grade line on center-line profile (in fine 
pencil 6H) following as nearly as possible the balanced elevations 
shown by the red dashes previously plotted on the profile. 

Except where a ruling grade is encountered or where a tangent 
grade will hit the majority of the indicated balanced elevations, a 
rolling grade is to be preferred. This can be laid out most econom¬ 
ically by a succession of vertical curves selected to fit the conditions. 
These curves are drawn on the profile by the standard office railroad 
curve templets and the radius noted. There is no necessity of 
drawing the tangent grades to intersection, as all the elevations on 
the vertical curves can be determined graphically. The tangent 
rates of grade should be laid out to some even tenth and figured 
between the ends of the vertical curves. 

(2) Determine elevations of grade line at each point where a 
section occurs and write this elevation in heavy pencil above the 
grade line. Do not record hundreds or thousands in these eleva¬ 
tions. Determine these elevations graphically on vertical curves 
and by figuring on tangent grades. 

(3) Check these elevations. 

(4) 7 'ransfer each elevation to the cross-sections by recording it in 
pencil directly under the center-line stationing on the right-hand 
margin of the sheet. Check this transfer. 

d. Drawing in Templets. —(Designer should do this.) 

Note. —This work should be done by the designer, as considerable 
judgment must be exercised in the selection and variation of the 
standard sections. 

Order of Work. —(i) Draw in proper templet making its center-line 
elevation agree with grade elevation previously recorded under tlu- 
station number. Use a 4!! pencil witn a fine point, as many of these 
templets will have to be changed before the design is accepted. 

e. Planimetering Areas. Methods. —Various methods can be 
used, depending on the kind of planimeter. So long as care is taken 
and a double run is made to check the initial run any desired method 
will be satisfactory. 

With a fixed-arm planimeter reading directly to square inches a 
double run divided by 8 is the usual practice for a 5' scale. 

With an adjustable-arm planimeter it can be set to read square 
feet directly on the second nin or can be set to read cubic yards per 
100' directly. The last method is a great time saver. 

Order of Work. —(r) Check the correctness of templet plotting by 
comparing templet elevation with grade elevation marked on the 
margin. The planimeter man is responsible for checking the templet 
plotting. 

(2) Test planimeter before using and at frequent intervals to 
see it is recording correctly. 
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(3) Planimeter the areas checking by a double run. 

(4) Record the areas of cut and fill in pencil at the right of the 
sections to nearest foot as C = 21 

F = 20. 

Computation of Grading Quantities. Order of Work. —(i) (Two 
men.) Transfer center-line stationing and areas for each cross- 
section to the standard computation sheets. Check this transfer. 

(2) (One man.) Compute quantities. If areas are in square 
feet compute quantities in cubic feet. This is a 7 t order; no discretion 
is allowed. ' The reason this is specified is because it has been deter¬ 
mined from practice that it is quicker and more accurate. The more 
or less prevalent method of computing each quantity in yards 
will not be allowed. The use of cubic feet keeps all work in full 
units and eliminates 90% of the transfers, feet to yards. From 
checking it has been proved that too many mistakes are made in the 
decimal point on detail yardage quantities. 

(3) Check Detail Computations. — 7 'his means check every phase 
of the computations, distances between sections, extensions, addi¬ 
tions, etc. 

/. Balancing Final Grade Line.—(Designer and one helper.) 

This portion of the design is very slow and requires more judg¬ 
ment than any other feature. 

(1) It is desirable to balance in as short sections as possible, as 
this results in cheaper excavation methods. A continuous balance 
means plow and road machine turnpiking, which is very cheap. 

Short balances mean scraper longitudinal haul and machine finish, 
which is moderately cheap. 

Long balances mean wagon haul, which is expensive. 

(2) It is desirable to balance with a downhill haul on noticeable 
grades. 

(3) It is desirable to proportion the cut to fill so that dirt is not 
wasted. 

This last is entirely a matter of judgment. 

If the ground is bare and classed as common the following ratios 
will not be far out: 


Volume of 

Excavation Ratio Cut 

per Station to Fill 

30-50 yd. 1.30:1.25 

60-100 yd. 1.25:1.18 

Above 100 yd. 1.15:1.10 


If the ground has a thick carpet of humus or a heavy stand of 
large trees the grading conditions cannot be definitely determined 
until the clearing and grubbing are completed. In such a case the 
grade line should be noted as tentative and the resident engineer 
on construction will have to recross-section and redesign the grade 
after the mold and stumps are removed. The quantities in such 
a case can only be approximated and should be made on the safe 
side. 
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(4) In balancing quantities it is usually desirable to reduce the 
larcer quantity. 

(5) It is often cheaper and more desirable to waste at places and 
borrow at others. This should be borne in mind. The ratio of 
borrow excavation from pits to borrow fill is generally taken at i.io. 

(6) In considering rock cuts and fills use Trautwines’ figures— 
I cu. yd. solid rock makes approximately 1.7 cu. yd. rock fill. 
Where the fill is a mixture of earth and rock, i cu. yd. rock will 
make i cu. yd. of fill. The order of work and detail manipulation 
for the portions of the grade line that have to be changed to accom¬ 
plish a balance are the same as for the original grade line. 

g. Inking Final Grade.—After the grade line is balanced, ink 
it in with red ink on the profile so it can be easily traced. 

^ Estimate.—(Designer.) 

(1) Drainage. —From surv'cy notes locate culverts on profile and 
draw them on the proper cross-section to determine length and 
invert elevations and outlet ditches if necessary. Do this work in 
pencil. Make notes clear and complete. 

(2) Bridges. —Use standard designs up to 25'; above that have 
design made by department bridge designer. 

(3) Compilation. —Compile data on forms provided, using center¬ 
line station to locate all structures quantities, etc. 

(4) Unit costs will be determined by the oflice engineer in charge 
of the drafting room and reviewed by the district engineer. 

(5) Check all operations. 

$. a. Tracing Plans. 

Size of Sheets: 

Outside 22" by 36" 

Border top, bottom, and right. 

2" binding edge on left. 

All work in black ink. 

Make heavy and plain. 

Lay out as per sample sheet. 

Check all tracing. 

b. Finishing Cross-section Sheets.—Do not ink in final grade, 
templets, or center-line ground elevation till contract is let and 
cross-section blueprints are needed in the field. This delay is 
advisable, as it is often necessary to revise even after the original 
design has been accepted. 

Explanation of Table of Relative Weights of Office Design 

To obtain the equivalent mileage of completed office design 
multiply the actual mileage complete to date of each subdivision 
of the work by the percentage shown. Add all these products 
which will give you the total equivalent mileage of completed 
design. 

Example .—Suppose at the time a report is due you have 10 miles 
of map completed, 20 miles of base line done, and 5 miles of cross- 
sections plotted, checked, and inked. 
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This work will be equivalent to the following mileage of complete 
office design: 


Item Miles 

I. (a) Map lo miles X 5% . 0.50 

I. (b) Base-line profile 20 miles X 2% . 0.40 

I. (c) Cross-sections plotted and checked 5 miles X 10% 0.50 
I. (d) Cross-section inked 5 miles X 4% . 0.20 

Equivalent miles total completed plans i. 60 


Suppose the project is 20 miles long. 

The per cent completion office design is 1.6/20 = 8 % complete. 

Basis of Table of Relative Weights Office Design. General 
Speed —Two miles per month per man of completed plans when 
men are experienced. 

About miles per month per man when force is not used to 
road design. 


Assumed Speed per Man per Day on Various Divisions of 

Work 


Miles 


i. (a) 
• ( 6 ) 

• (c) 
id) 

2 (a) 

• (A) 

(c) 
* 3 - (a) 

• (A) 

w 

(d) 

w 

(/) 

(J!) 

4 - 

5 - 


i-S 

30 

I .0 

1-5 
7.0 
1-5 
0.8 
1.0 

1.5 

1.5 

2. o 
0.8 
0.4 
7.0 
2.0 
0.7 


Detail map 
Base-line profile 

Cross-sections plotting and checking 

Inking cross-sections 

Trial grade 

Grade contour 

Center-line projection 

Center-line profile 

Balanced section profile 

Final grade line 

Templets 

Planimeter and quantities 
Balance quantities 
Ink final grade line 
Compiling estimate 
Tracing plans 


♦Indicates work that can be done better by two men working together which 
will result in twice speed shown. 
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SAMPLE ESTIMATE FORMS 
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8HCIT NO.. 


ESTIMATE SHEET 

Roadw..^_ComptttetS by_ 


Date--Chec*Vrcd by- 


SUMMARY BORROW 

•OURCK OP aUPPLY 
■TATK>M 

where used 

STATION TO STATION 

HAUL 

distance in STAS. 

QUANTITY 
CUBIC YARDS 
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ESTIMATE SHEET 


Road..»_Computed by. 

Date_Checked by._. 


SUMMARY OVERHAUL 
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CHAPTER XV 


TYPICAL COST ESTIMATE FORMS, COST DATA, AND 
EQUIPMENT 

The cost data given in this chapter have been gathered since 
1907 and cover most of the items necessary for estimating the 
cost of ordinary rural highway improvements and small span bridges. 
Each statement of cost gives the labor rates and the conditions of 
work or the year performed. There has been a large rise in general 
cost standards 1910 to 1926 and Eig. 324 will help coordinate present 
costs with the examples given. 

Cost data must be used intelligently in order not to be misleading. 
Local conditions always govern, and in presenting cost data the 
reader is cautioned to compare conditions to be met with the con¬ 
ditions described in the data given. The cases given have been 
selected to represent average costs. A well-equipped elTicient 
force can often do the work cheaper than shown, while inexperi¬ 
enced men will run the cost up above the amounts shown. 

The most common mistake in figuring cost is to underestimate 
the overhead charges caused by insurance, liability, plant deprecia¬ 
tion, interest on idle machinery, etc. These items are quite thor¬ 
oughly discussed on pages 1231 to 1270. Net profit is a variable 
amount depending on the size of contract and the type of bidder 
to be interested. 

Percentage of net profit should be larger for a small job than 
for a large job. Where large state or municipal programs are in 
progress, sufficient profit must be allowed to interest large organi¬ 
zations which will get the work out rapidly. For small slow town 
road jobs, less profit is necessary, as this class of contractor is 
satisfied with less yearly income. For most state road programs 
a profit item on 5 miles of road (average length of contract) which 
will insure a reasonable year’s income for the class of contractors 
desired is a fair basis of estimate. 

This chapter will give standard estimate forms for the usual road 
items based on 1926 cost conditions as given on page 1125 followed 
by detail cost data from which they were derived, and plant, equip¬ 
ment and other sources of overhead expense. 

Explanation of Price (Fig. 324) Eng. News Record.—The dotted 
portion of the steel curve represents wrought-iron I-beams at the 
Pittsburgh mill, which in 1885 reached $3.12 per 100 lb., a price 
only slightly below the cost of structural steel at Pittsburgh in 1917. 

Portland cement when first placed on the market in 1879 was 
higher in price than it is today, and until 1882 remained higher than 
for any year except 1920. In 1879, however, cement was sold in 

1119 



1120 


COST DATA 


wooden barrels as comoared with the present system of calling 
four 94-lb. sacks a barrel of cement. Until as late as 1907 a single 
wooden barrel of cement cost about 30 cts. more than a barrel 
consisting of four sacks. The 1874 to 1879 quotations are for 
Rosendale cement. 



The lumber prices from 1874 to 1909, inclusive, are for long- 
leaf yellow pine boards, i by 12"; from 1910 to date for long-leaf 
yellow pine timbers, 3 by 12"; all per M ft., b.m., in approximately 
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20* lengths. In i^xa pine lumber prices had reached a point not 
touched again until 1918. The slump, which occurred meantime, 
reached the lowest point between 1914 and 1915. It was caused 
by the opening of the Panama Canal, when Douglas fir shippers on 
the west coast could send the lower-priced lumber througn to the 
Atlantic seaboard in competition with southern pine. 



The pig-iron curve from 1874 to 1897 inclusive, covers No. i 
foundry Southern. From 1898 to date prices are for No. 2 foundry 
Southern, with tlie following exceptions: No. i foundry Southern 
is used for 1905 and No. 2 foundry Northern for the year 1912. 
The price difference between the grade is only 25 to 50 cts. 

In September, 1918, prices of building materials were fixed by 
the War Industries Board of the United States Government. 
This action controlled foreign government purchases as well as 
domestic buying. The ban was lifted in March, 1919. 

The lime prices here given are for a ‘Marge barrel” (280 lb.). 







1122 


COST DATA 


Table 210.*—(Fig. 324A). 

Comparison of basic building materials prices— 1874 to 1924. 
Average yearly prices, wholesale to dealers or contractors, in 
carload lots, f.o.b. New York, except in the case of steel 
structurals, which are f.o.b. Pittsburgh. 



Pig iron 





Wrought-! 


No. 1 
fdry. 

Brick 

common 

Cement 

Rosen- 

Lime 

yellow 

iron 

I-beams, 


anthra¬ 
cite, per 
gross tun 

building, 
per M. 

da’e, 
per bbl. 

common, 
per bbl. 

pine i-in.. 
per M. ft. 
b.m. 

channels, 
etc., per 
100 lb. 

1874 

S30.2S 

J? .41 

|i .48 

.50 

$26.00 


1875 

25.50 

7 12 

I 25 

I .40 

21.00 


1876 

22.25 

5 87 

1.20 

1.00 

21.00 


1877 

18.88 

4-93 

1.10 

.80 

20.00 


1878 

17.63 

4.71 

95 

.70 

20.00 





Portland, 
per bbl. 



00 

t- 

1879 

18.03 

4.08 

2.70 

.80 

20.96 

1880 

28.50 

7.00 

2.88 

.87 

19 - 00 


1881 

25.12 

7-50 

2.72 

.05 

19.00 


1882 

25.75 

7.12 

2.82 

1.01 

19.00 


1883 

22.38 

8.28 


1 .05 

19.00 


1884 

19.88 

6.6s 

2.60 

.95 

19.00 


1885 

18.00 

6,10 

2.28 

1.00 

18.66 

3.12 

1886 

18.71 

7.51 

2.28 

1.00 

19 00 

3.00 

1887 

20 02 

7.43 

2.07 

.82 

19.00 


1888 

18.88 

6 50 

2.16 

.83 

16.7s 


1889 

17.75 

7.06 

2.23 

.92 

20.31 


1890 

18.40 

6.65 

2.25 

.95 

21.75 


1891 

17.52 

5. S 3 

2.38 

.87 

18.00 


1892 

15.75 

5.77 


.93 

18.50 


1893 

14.52 

5.83 


.93 

18.50 

Struc¬ 
tural steel 




1 



f.o.b. 

Pitts¬ 

burgh 

1894 

12.75 

5.00 


.85 

18.50 

1.20 

189s 

11.50 

5 .31 

1.97 

.78 

16.92 

1 .35 

1896 

12.50 

5.06 

2 .00 

.69 

16.42 

1.60 

1897 

12.10 
No. 2 1 

4.94 

1.97 

.72 

16.44 



fdry. 

southern 






1898 

10.75 

5.75 

2.00 

.70 

15.75 

1.27H 

1899 

1550 

5.69 

2 .05 

.75 

16.2s 

1.45 

1900 

22.00 

5-25 

2.16 

.68 

24.50 

1.9s 

1901 

I 4 . 37 H 

5.77 

1.89 

.77 

17.SO 

1.60 

i 9 oi 

17.2s 

5 ..39 

1.95 

.81 

21.00 

1.60 

1903 

22 . 373'2 

5 .91 

2.03 

.79 

23. SO 

1.70 

1904 

13.7s 

7.50 

i.Ojh 

.80 

21.50 

1.60 

1905 

17.89 

(No. I) 

8.10 

1.43 

.89 

24.92 


1906 

17.7s 

8.55 

1.55 

.95 

29.33 

l .60 

1907 

26.25 

6.16 

1 .55 

.95 

30.50 

1.75 

1908 

16. SO 

5.10 

1.46 

I.OS 

30.50 

1.76 

1909 

15.SO 

6.39 

1.41 

1.05 

33.04 

X .50 


^ Engineering News Record. 
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Table 210.— Continued 



Pig iron 
No. I 
fdry. 
anthra¬ 
cite, per 
gross ton 

Brick 
common 
building, 
per M. 

Cement 
Rosen- 
dale, 
per bbl. 

Lime 
coTnmon, 
per bbl. 

Lumber 
yellow 
pine i-in., 
per M. ft. 
b.m. 

Wrought- 

iron 

I-beams, 
channels, 
etc., per 
100 lb. 

1910 

17.10 

6 . 12 

1.43 

.92 

Long- 
leaf 
yellow 
pine 3-m. 
36.00 

1. 52 ti 

I 9 II 

IS. 37>2 

5.31 

1.43 

.92 

36.00 

I .42>^ 

1912 

14 .75 

6.75 

1.34 

.92 

40.00 

1.20 

1913 

(Norh.) 

i 6 . 43 l '2 

6.75 

1.58 

.97 

35.2s 

1.46 

1914 

14.56 

5.60 

1 .58 

.97 

29.50 

I. II 

19 IS 

15-29 

5.50 

1.04 

1.06 

27.75 

1.33 

1916 

22.20 

8.69 

1.62 


32.62 

2.48 

1917 

33.75 

9.40 

2.16 


37.33 

3.39 

I 9 IS 

39.90 

10.98 

2 .53 

2.21 

42 .66 

3 .00 

1919 

39.01 

17.90 

2 .64 

2 .65 

50.87 

2.61 

1920 

47.73 

38.28 

18 00 

3 .00 

3.18 

63.73 

2.79 

1921 

17.40 

2.73 

3.49 

48.16 

2.05 

1922 

30.77 

16.91 

2.45 

3.00 

47.05 

1.69 

1923 j 

32.12 

20.00 

2.66 

3.12 

55.22 

2.50 

Apr. 24 

1924 

28.00 

20.00 

2.55 

3.12 


2.40 






58.00 



Explanation of Labor Rates (Fig. 324.)—Wages in the building 
trades began to ascend definitely between 1899 and 1907. From 
that period until the war years the curves are generally Hat. The 
soaring began in 1917. At present, wage rates of the skilled trades 
in New York are the highest in the half-century. Common labor 
dropped 14}^ cts. in value (to 59 Jo cts.) in 1922, and now stands 
at (io] i cts. 

Bricklayers began the 8-hr. day in 1872, as against lo-hr. formerly, 
and changed from the 48-hr. week to the 44-hr. in 1899. Then, as 
now, the bricklayers were first to gain labor advantages. That 
wages in this craft were usually in advance of most of the other 
trades during the last 50 years is shown in the chart. Hod carriers 
began the 44-hr. week in 1900. 

Carpenters were working 10 hr. per day in 1874, changing to 8 
hr. in 1890. The 44-hr. week began in 1900. 

Common laborers (excavating) changed from the lo-hr. to the 
9-hr. day in 1890. Since 1919 the 8-hr. day has been in force. 

Wages remained at the high rates reached in the latter part of 
1920 and the first part of 1921, throughout 1922. Skilled building 
trades’ wage schedules remained unchanged during the 1021 
depression despite widespread unemployment. 






1124 


COST DATA 


Table 210.— (Fig. 324JB ).—Continued 
Building trades wage rates—1874 to 1924 
New York, per hour 



Car¬ 

penter's 

10 hr. day 

Brick- 1 
layers’ j 
8 hr. day j 

Hod- 
carriers 1 

Common 

laborer's 

10 hr. day 

Structural- 

iron 

workers 

1874 

|o .23 

5 o .43 


fo. 14 


187s 

.22'.} 

.37 


• 14 


1876 

.21 

.31 


.14 


1877 

.20 

.31 


. 12 


1878 

.18 

• 31 


. 11 


1879 

.17 

• 31 


. 11 


1880 

.18 

.34 


. 12 


1881 

.19 

.46 


.13 


1882 

.21 

.50 


• IS 


1883 

.21 

.50 


. 13 


1884 

.21 

.50 


.13 


188s 

.20 

.50 


.13 


1886 

.21 

• SO 


■ 13 


1887 

.21 

• SO 


• 14 


1888 

.22 

.50 


. 12 


1889 

.22 

8 hr. day 

.50 

8 hr. day 

. 13 

9 hr. day 


1890 

.43 

.47 

I0.28 

.14 


1891 

.43 

.47 

.28 

.14 


1892 

.44 

• SO 

.29 

. 14 


1893 

.43 

.50 

.30 

.14 


1894 

.44 

.50 

• 30 

.14 


189s 

.43 

• SO 

.30 

.14 


1896 

.44 

.50 

• 30 

1 .14 


1897 

.44 

• SO 

.29 

' .14 


1898 

•44 

• SO 

.30 

.14 


1899 

• 45 

.55 

.33 

.14 


1900 

.50 

.56 

.33 

.14 


1901 

.50 

.59 

.33 

.19 


1902 

.51 

.65 

.36 

.17 


1903 

1904 

190s 

1906 

1907 

.56 

. 6 s 

.36 

. 16 

8 hr. day 
I0.60 

.62H 

. 

.70 

.37H 

. 22 

1908 

.62H 

.70 

. 37 H 

.33 

.60 

1909 

.62H 

.70 

• 37H 

.22 

.60 

1910 

.62,4 

.70 

• 37 ^^ 

.22 

.62H 

I9II 

.62h 

.70 

. 37 ^ 

.22 

.62H 

1912 

.62'^ 

.70 

. 37 >'i 

.23 

.62^5 

1913 

. 62 H 

.70 


. 22‘-2 

.62H 

1914 

.62'^ 

.75 


.22 4 

.62H 

I91S 

. 62 H 

.75 


.25 

. 62 >!i 

1916 

.62H 

.75 


.25 

.66 

1917 

.69 

.75 


.30 

.69 

1918 

.69 

.81 


.40 5 '^ 

.80 

1919 

.8IK 

.87V^ 

.574 

.55 

.87H 

1930 

1.08 

1.17 

.77H 

.75 

1.11 

1921 

i.iaK 

I .25 

.87K 

.77 

I . 13 ^ 

1933 

1.12H 

1 .25 

. 87 ^ 

.58 

I .I2H 

1933 

1.20 

1.43 

.95 

.61 

I .16 

1934 

X.31H 

..so 

I .00 

.68H 

I. 25 
































SAMPLE ESTIMATES 1125 

INDBZ STANDARD BSTIMATS FORMS AND SAMPLE ESTIMATES 

Page 

Roadway SzcAvation. 1126 

Earth (rough grading). 1126 

Steam shovel. 1126 

Scrapers. 1127 

Hand and teams. 1127 

Rock excavation. 1127 

Overhaul. 1127 

Trimming fine grade for pavement. 1127 

Trimming shoulders and ditches. 1127 

Production of Local Materials. 1130 

Crushed stone. 1130 

Screened gravel and sand. 1131 

Washed gravel and sand. 1132 

Hauling. 1128 

Schedule of costs. 1128 

Pavement Estimates. 1132 

Foundation courses: (subbase). 1132 

Gravel. 1134 

Boulder. 1132 

Bottom courses. 1134 

Gravel. 1134 

Boulder. ii 33 

Macadam.1134 

Bituminous concrete ("black base"). 1138 

Portland cement concrete. 1138 

Surface Courses. 1139 

Gravel. Ii 39 

Water bound macadam. 1140 

Bituminous macadam. 1141 

Bituminous concrete. 1142 

Cement concrete. 1144 

Brick (cement grout). 114^ 

Brick (bituminous filler). 1147 

Stone block. ii 47 

Incidental Items (Reasonable contract prices, Western New York, .. 1268 

1926) Culverts and Sewers. 1148 

Small'Span Bridges. 1150 

Minor Items (Curbs, gutters, guide rail, etc.,). 1156 


STANDARD ESTIMATE FORMS 1926 COST CONDITIONS 

Common labor. I0.4S per hour 

Teams. 0.85 per hour 

S-ton trucks. 3.00 per hour 

iH-ton trucks. 1.50 per hour 

Estimates based on following overhead and profit allowances: 

Cost of imported materials plus 6 % for interest and profit. 

Cost of freight plus 6 %. 

Cost of local materials produced by contractor plus 20 % profit. 

Cost of labor plus 20 % profit. 

Overhead on labor costs (10 % of pay roll).* 

Equipment overhead (see Table 224, p. 1261) 

Moving plant on job, I500 to Ixooo. 

* Includes interest on pay roll, insurance, liability, etc. 
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Grading Equipment 

Ordinary road. Earth excavation 


Item 

Approximate value 

Approximate 
yearly chaige 
including interest, 
depreciation, 
repairs, etc. 

Keystone grader or steam shovel 

$- to $ 0,000 

$-to $ 3.000 

10 to 20 dump wagons or trucks. 

$2,000 to 10,000 

$1,000 to S.ooo 

: Road scrapers. 

500 to 1,000 

200 to 400 

j Tractors or traction engine 

! - to 5.000 

- U) 1,000 

. W^heel and slush scrapers. 

1 500 to T,000 

200 to 500 

1 Plows, hand tools, etc. . 

' 500 to 1,000 

200 to 500 

I lo-ton roller. ... 

5.000 to 6,000 

1,000 to 1,200 

1 Totals ... 

$8,500 to $33,000 

$2,600 to $i 1,600 


Average amount of work 5 to 8 miles per year, amounting to 15.000 tn 100.000 
cu. yd. per year. 

Approximate equipment overhead charge on excavation from 10 to 20 cts 
per cu. yd. depending on amount excavated. 

ROUGH GRADING ESTIMATES 
Heavy Steam-shovel Work (Earth E.xcavation); 

Per 

Cubic 


^4-yd. shovel averaging 350 cu. yd. per day. Yard 

Labor, fuel, and water at sliovel. .$0.11 

Labor on dump. 0.07 

Hauling up to 300'lead. .0.10 

Hauling beyond 300' lead (i ct. per Sta.) say.... . . 0.05 

Total pay roll . 0.33 

Profit . . . . 0.07 

Overhead on pay roll 10 %. 0.03 

Overhead on equipment (100 days per year). . 

Total estimate . $0.50 

Medium Steam-shovel Work (Earth Excavation): 
i>8-yd. shovel averaging 200 cu. yd. per day. 

Per 


Cubic 

Yar<l 


Lal>or, fuel, and water at shovel. |o . i 7 

Labor on dump. o oS 

Hauling up to 300'lead. 0.10 

Hauling beyond 300' lead (i ct. per Sta. yard) say. 0.05 

Total pay roll. So.40 

Profit . 0.08 

Overhead on pay roll 10 %. ... 0.04 

Overhead on equipment (100 days per year)._o . 13 

Total Estimate .. ... $0.65 


Medium and heavy steam-shovel work is commonly birl for 50 to 80 ct.s. 
per cubic yard, Western New York, ^25. 

Light Keystone Grader Work (Earth Excavation); 

Average 150 cu. yd. per day. 

Per 

Cubic 

Yard 


Labor, fuel, and water at shovel. So.20 

Labor on dump. 0.10 

Hauling up to 30oMead. 0.10 

Hauling beyond 300' lead (i ct. per Sta. yd.) say._ 0.05 

Total pay roll. I0.4S 

Profit. 0.09 

Overhead 10 % pay roll. 0.05 

Overhead on equipment (100 days i)er year). 0.1 6 

Total estimate. I0.75 
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Scraper Work (Short Haul): 

Reasonable contract price so to 70 cts. per cubic yard. 
Road Machine Turnpiking: 

Reasonable contract price 20 to cts. per cubic yard. 
Plow, Hand Shoveling, Team Hauling (500' lead): 


Easy soil (all ordinary conditions)..... $r .30 per cubic yard 

Hard soil (hard clay and cemented soils). 1.75 per cubic yard 


In estimating the price for any road the number of yards of earth to be 
excavated by the different foregoing methods are estimated roughly, the 
proper price applied to each class of excavation, and the composite price 
determined by tne total estimate divided by the total yardage. 


Rock Excavation 

Open cut. Reasonable contract price. Western New York, 1925. 


Per Cubic Yard 

Large quantities solid rock. . |2.00 to $2.50 

Small quantities solid rock. 4.00 

Large quantities shale or disintegrated solid rock. i .50 to 2.00 

Small quantities shale or disintegrated solid rock.... 3.00 


Noth.—T here i-^ such a wide variation in the cost of roadway rock excava¬ 
tion that anv detailed form w’ould be merely misleading. 

Trimming Fine Grade for Pavement: 

Depends largely on how well road is rough graded. Following cost 
assumes rough grade correct to within i" of finished grade. 

Per 

Square 

Yard 

Labor cost. . . $0.06 

Profit 20 % of labor. .0.012 

Overhead 10 % of labor . 0.006 

Roller overhead. 0.002 

Total. fo.080 

Ordinary bids run from 5 to 10 cts. per square yard. 

Trimming Shoulders and Ditches: 

Depends largely on completeness of rough grading. Following cost 
assumes rough grading well done and trimming finished by hand labor 


including back slopes. 

Easy Grading (Ordinary Earth): 

Per Linear 
Foot of Road 

Labor and teams. |o. 12 

Profit 20 %. 0.02 

Overhead 10 % of pay roll.. . . . o.oi 

Total. lo.is 

Difficult Grading (Small Boulders Mixed with Earth): 

Per Linear Foot 
of Road 

Labor and teams. lo.is 

Profit 20 %. 0.03 

Overhead 10 % of pay roll. 0.015 

Total. lo.igs 


Ordinary bids run 10 to 20 cts. per linear foot of road. 

Overhaul: 

New construction (Bad hauling conditions): 

Per Station 


Yard 

Cost of hauling. |o .008 

Profit 20%. 0.002 

Overhead. 0.001 

Total. lo.oii 
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Reconitruction (Excellent hauling condition!): 


Cost of hauling 

Profit. 

Overhead. 


Per Station 
Yard 
I0.004 
0.001 
0.001 


Total. lo. 006 

Ordinary bids run from o.s to 1.5 cts. per station yard. 


Hauling Schedule op Approximate Cost 



Cents 

Cents 


per ton 

per yard 


mile 

mUe 

Teams: 



Hand loading, short hauls out of fields. 

55 

45 

40 

70 

55 

SO 

Bin loading, average hauls. 

Bin loading, long hauls. 

Trucks (cost includes overhead charge): 

Hand loading, short hauls less than 1.5 miles. 

30 

40 

Bin loading, short hauls. 

30 

25 

Bin loading, long hauls over 1.5 mile. 

16 

30 


Note.—L ength of haul is the length for hauling load; that is. if truck is 
loaded, runs 3 miles, dumps, and returns empty, the cost is 3 miles times 
cos^ per mile given in the above schedule. 


CALCULATION OF AVERAGE HAUL DISTANCE CASE I 

Conehhofj of road uniform Halenal h bed’s fribufed m proper bon h mileage 
■ Sidthg 


K O.BMi ■ 



• 43Mi: - • 


.... 

1 1 _ J 

X* 


-B - 


. 



Isi. Method’. Assume a shipment of 100 torrs 
Tonnage fhrA-J^y 100-ntons. Total fan mdes *286/0 

- ^ ^ 43 Total-fonfrage* 100.00 

^ TOO-81 ions. 


A . 17 ions ^(1.0 * "jfjmiJes -2A.C5 ion miles 

^ . 


AVERAGEHAUL 
= -Eeemi/es 


2nd. Method: Assume a tonnage of / ion per mile. 

B~A3lon$^ft.O*- yhhi • AmAGEHAUL 

' ’r.Similti 
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CALCULATION OF AVERAGE HAUL D/STANCE CASE IT 

Condi Hons ofro<id no! uniform Proper fcrna<je for 
Separah: 6^rohh?s of road ig boe^hrnntvd 


Siding 

^OSM: . ^ 04 !^ 


6 Ions 10 Ions 


IPM!. 


■•-P.4Mi. --- 
-•-w OSH/- 




S-foraae Pile 
PS Ions 


■I8M1 


Sn'ck - - •>*<* ■ - D -- 

No State rial 45 ions 


... C - ■ 

14 tons 

Assume a shipment of 100 ions 
A ■ (lions t(I.O^0.4 * ^^%,!es ^3. SO ion miles 

B-l0h>nsHlO*^^F)„;ifs --12.00 >• - 

C-14ions *( 1.0 miles ■ PP.40 n 

I>'45*onst(!0^l'P*08^IJ)miles HIS.50 « " 

Storage Pile~P5ions *.(I0-*-P.4)miles -^5QQ. *• *' 

,, , 30480 » « 

To ta! ton miles • 304. SO 

Total tonnage * 100.00 AVERAGE HAUL - 05miles 


CALCULATION OF average HAUL DISTANCE CASEUT 

Condition ofroad uni form. Material io be distributed in propor Hon to area. 

^Siding 

j< • -/ !Hi■■■• » < 02Ml 14Hi - 0.INI. *\i-0%Hi ■ -tSMi. — 

Ll.:_ ^ -;■! 

U -A . c 

Assume f ton per mile fora Ib'width Then an IS^widthwillreguire tons per mile. 

AlHonffl 0*0 2*^J)mi\es « / OPS ton miles 

B'{02i*^tonn(10'*'^)iniles ^0247 •> •* 

C'(l.4x^)tonK(l.0-t-^'^)iniies - P.018 " " {Tonnage for A-J^^hh! shipment 

D-07hi,ic(l0H4*y)miles --I9P5 - - I ^ n 

E-t 6 tont(m 4 H). 7 H} 3 b*'^%iles^jj^ 1 ”^^620 

Total ion miles • /4.55! 

Total tonnage ^ll-HOP* j^)i- (l.4* T^I.G-S-20 

AVERAGE HAUL-'-^^=2.80mllts 
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PRODUCTION OF CRUSHED STONE 
SMALL LOCAL PORTABLE PLANTS 
Proportion of Sizes: 

For proportion of sizes and weights of crusher outputs, sec pages 1173 to 
1182. 


Cost Estimates 

Cost of Quarrying: 

Stripping (use earth excavation prices, pp. 1126 to 1127) fi)r amount 


rei^ired. 

Cost of stone per ton.5± cts, 

Ouairying and delivery to crusher (includes overhead and equipment 
charge): 

Per Ton 

Sandstone. . 5o 40 ] 

Limestone_ .... 0,4s ' 

Conglomerate. o 60 

Trap and granite .... 0.5s , 

Crushing (includes overhead charge'): 

Per Ton 

Sandstone. So. 25 1 

Limestone.... 0,30 [ 

Conglomerate. o .?o 1 ’ ’ ‘ 

Trap and granite. ... o 45 ' 

Subtotal. 

Net profit. So.20t 


Estimate per ton* 

‘ Total output of crusher. 

Note.—I f any part of the total output cannot l>e used and is wasted, the 
price per ton for the stone actually used must include cost of waste. 


Sample Estimate [Li rncstoncl 


Stripping. . I0.05 

Quarry rights. 0.06 

Quarrying.. 0.45 

Crushing.. 0.30 

Subtotal.. . I0.86 

Profit.. .. .0.20 


Estimate. 

‘Total output of crusher. 


|i .06 per ton 

1.30 per cubic yard loose measure. 


Crashing Field-stone Boulders: 

I cu. yd. boulders — i cu. yd. crushed stone 
1.8 cu. yd. boulders — i cu. yd, {ihi to crushed stone consolidated 

measure) 


Cost Estimate 


Cost of field stone. . 

Blasting or sledging per cubic yard actually blasted or sledged... . 

Loading to wagons or tnicks. 

Hauling to crusher i mile. 

Subtotal. 

10 % overhead. 


Per 

Cubic 

Yard 


|o. IS 
0 .60 
0.30 
0.60 


Subtotal delivery to crusher, 


















LOCAL MATERIALS 




Yard 

Crushing (includes overhead charge) 

Sandstone.$0.30 | 

Limestone. . 0.35} 

Trap and granite. . 0.50 J 

1 Total per cubic yard (loose measure) screened-out sizes . 


Profit. . |o.2S 

Estimate per cubic yard loose screened sizes. 

^Note. —If any part of the total output cannot be used and is wasted, the 
price per cubic yard for the stone actually used must include the cost of the 
wasted product. 

Sample Estimate (Limestone) 


Cost of stone.... 

$0.15 

0.1 cu. yd. sledged 

0.06 

Loading. 

0 30 

Haul mile 

0 35 

Subtotal. 

$0.86 

10 7o overhead. 

0.09 


0.95 

Crushing. . 

0.3S 


$1.30 

Profit 

0 25 


$1.55 per cubic yard 
$1.20 per ton 

PRODUCTION OF SCREENED GRAVEL AND SAND IN SMALL 
PLANTS 

The total cost of output depends (ui the amount of waste product. In 
most pits there is an excess of sand which must be wasted. For weights of 
screened gravel and proportions of sand and gravel in pits, see page 1182. 


Cost Estimates 

Per 

Ton 

Stripping ‘ (use excavation prices, pp. 1126 to 1127). I0.05 

Excavating and delivery Mo screening plant ... .0.25 

Screening ‘.. . ... 0.15 

Subtotal . ... .... 

Profit. 0.15 

Estimate per ton total output.... 


Price per ton i 30 % i equals price per cubic yard loose measure . 
> Includes overhead. 


Sample Estimate 
Per Ton 

Stripping. $0.05 

Excavating and delivery. 0.2s 

Screening. 0.15 

Subtotal. 0.45 

Profit. o.is 

Bstimate total output of plant ... $0.60 per ton screened sizes 

o. 80 per cubic yard screened sizes 

For 10 % waste estimate 67 cts. per ton 90 cts. per cubic yard 
For 20 % waste estimate * 75 cts. per ton |z per cubic yard 
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Washing Sand and Gravel: 

Cost of washing varies greatly depending on amount of dirt to 
be removed, water supply, etc. It will vary from 15 to 50 cts. 
per ton and no standard estimates can be formulated. Each case 
is a special problem. Small portable plants are rarely satisfactory 
and good plant for the production of satisfactory screened and 
washed gravel will cost at least from $10,000 to $15,000. 

Commercial washing plants in Western New York use about 500 
gal. of water per ton of gravel. 

STANDARD ESTIMATE FORM FOR BOULDER SUBBASE (FIELD 
STONE) 

Amounts of Material: 

A subbase course 6" deep made of the usual size fence stone requires 1 cu. 
yd. loose for i cu. yd. rolled; 12" depth of finislied base requires 1.25 cu. yd. 
loose measure to i cu. yd. finished rolled measure. 

H cu. yd. grravel or small stone and screenings filler required per cubic 
yard of finished base course. 


Cost Estim.\te 

Cost of cobbles per loose cubic yard. |o . 20 ± 

Loading cobbles to wagons by hand per cubic yard. 0.30 
Hauling‘ cobbles i cu. yd. loose measure 60 cts. per 
mile, short hauls 50 cts. per mile long hauls 

Placing cobbles. 0.20 

Rolling. 0.10 

Filler (see below) 


Total. $. ... 

20% profit. 

10% overhead. 

Estimate. 

* Teams out of fields, bad conditions, short hauls less than 1.5 miles. 


Filler; 

Cost H cu. yd. at pit or crusher: .... 

Loading cu. yd. (by hand from pile) ,. .$0.10] 

Loading (from bins). o.or > . . . . 

Hauling cu. yd. per mile. . 0.20 ] 

Spreading cu. yd. 0.0 8 

Filler total. S. 


Multiply 
these items 
by 1. 25 for 
12" depth of 
subbase. 


Sample Estimate 

(12" consolidated depth) 


Cost of cobbles, |o. 20 X 1.25 cu. yd. .40.24 

Loading coV>bles, 0.30 X 1.25 cu. yd. 0.38 

Hauling 2 miles average (|o .50 X a X i. 25). 1.25 

Placing, $0.20 X I . 25 cu. yd. 0.24 

Rolling, o . 10 X 1.25 cu. yd. 0.12 

Filler: 

Cost Vi cu. yd. at pit. $0.10 

Loading. 0,10 

Haul 3 miles. 0.60 

Spreading. 0,08 0.88 

Total. 43 -IX 

20% profit. 0.6a 

10% overhead. 0.32 


I4 05 per cubic yard 


Estimate. 























BOTTOM COURSES 1133 

STANDARD ESTIMATE FORM FOR BOULDER BOTTOM COURSE 
(FIELD STONE) 

Same relation of loose and rolled depths as for boulder base. 0.4 cu. yd. 
Kravel or crushed-stone filler required. 


Cost Estimate 


Cost of cobbles per loose cubic yard. lo. 20 ± 

Loading to wagons by hand per loose cubic yard. 0.30 

Haulingi at 60 cts. per yard-mile . 

Placing and sledging. 0.40 

Rolling. o.io 

First subtotal. . 


First subtotal X cunsoli(iation (o for 6" depth) (0,25 for 12" depth) 

Second subtotal. 

Filler (see below). ... . 

Total. ... . 

20% profit. . 

10 % overhead. 

Estimate. . 


mier: 

Cost 0.4 cu. yd., loose measure in pit or at crusher. 

Loading 0.4 cu. yd. by hand, 10 cts. '■ 

Loading 0.4 cu. yd. from bins, i ct. 

Hauling^ 0.4 cu. yd. at 20 cts. per mile. ... . 

Spreading and brooming 0.4 cu. yd. 0.16 


Filler total. . 

* Note. —Hauling by teams out of fields, bad conditions, and short haul? 
less than 1.5 miles. 


Cobbles. 

Sample Estimate 

(12" consolidated depth) 

.$0.20 per loose cubic yard 

Loading. 


0.30 per loose cubic yard 

Hauling 2 miles. 
Placing and sledging 


. ... 0.40 

Rolling. 


. ... O.IO 

Subtotal . 

Consolidation 25'« 


.... I2 .00 per loose cubic yard 

0.50 

Subtotal. 


. . I2.50 per consolidated cubic yard 

fiUer: 

Cost 0.4 cu. yd. at pit (gravel).. 

. 0.12 

Loading . 


. 0.12 

Haul 3 miles . 


. 0.60 

Spreading . 


. 0.16 

Total . 


. S3.50 

20% profit . 



xo% overhead . 


- 0.35 

Estimate . 
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GRAVBL FOUNDATION (PIT-RUN GRAVEL) 

Gravel foundation courses require 1.2 cu. yd. loose measure per yard 
consolidated measure. 

Cost Estimate 

Cost of gravel in pit per loose cubic yard. 

Loading^ gravel by hand 30 cts. per cubic yard \ 

by steam shovel 17 cts. per cubic yard j. 

Hauling gravel (includes overhead): 

Teams (short hauls).o.so per cvibic yard mile ] 

Trucks (hauls less than i.s miles) .o.JO per cubic yard mile [ . 

Trucks (hauls over 1.5 miles).0.21 per cubic yard mile ) 


Spreading gravel is cts. per loose cubic yard. Jo. 15 

Loam filler cu. yd. if ordered. o.io 

Rolling gravel. o.io 

Reshaping gravel. o.io 


First total per loose cubic yard. . . . 

Consolidation o . 2. . 

Second total per consolidated yard. . . 

20% profit. . 

10% overhead (pay roll). 

Plant overhead. ... 0 . so ± 

Third total estimate per consolidated cubic yard. . . 


Sample Esti.viate 


Cost gravel in pit. 

Loading (steam shovel). 

Haul (2 miles). 

Spread. 

Loam filler. 

Rolling. 

Reshaping. 

First total. 

Consolidation 0.2. 

Second total. 

20% profit. 

10% overhead. 

Equipment overhead. 

Estimate. 


|o 50 per cubic yard (loose) 
0.17 

o 40 
0.15 
O 10 

o 10 
0.10 



.S2 

0 

• 30 

ll 

.82 

0 

. 3 b 

0 

.18 

0 

■ SO 


per cubic yard (loose) 


per cubic yard (consolidated) 


J2.86 


SCREENED GRAVEL BOTTOM COURSE 
Materials Reqtiired: 

I cu. yd. consolidated gravel bottom requires 1.25 cu. yd. 
screened gravel plus 0.35 cu. yd. sand and loam filler. 


Cost Estimate 

Same as for screened gravel top making due correction for 
amounts of material required (see p. 1139). 

LOCAL STONE MACADAM BOTTOM COURSE 
MaterUiU Required: 

I cu. yd. of consolidated bottom course requires approximately 1.27 cu. yd. 
loose measure for a 3" consolidated depth and approximately 1.30 cu. yd. 
loose measure for a 4" consolidated depth. 

The arnount of filler required per cubic yard of consolidated bottom is 0.3s 
cu. yd. of sand or ^eenmgs or a mixture of the two depending on how the 
screenings are utilized. For proportion of sizes in crusher output, see 
page 1181. * 
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Cost Estimate 

For material total, use crushing estimate on page 1130. 

Manipulation: 

Transfer to trucks or wagons. lo.oi per cubic yard 

Hauling: 

Teams / conditions 60 cts. per yard mile \ 

1 Good conditions 50 cts, per yard mile / 

f Short hauls 25 cts. per yard mile | . 

Trucks] Hauls over 1.5 [ 

i mile 20 cts. per yard mile ) 


Spreading: 

5^^ loose depth is cts. per cubic yard \ 

4H loose depth 19 cts. per cubic yard /. 

Kollmg. o.io 


First subtotal. .per cubic yard 

Consolidation 0.27 to o. JO.. . . . 

Second subtotal consolidated stone. 

Filler (see below). 

Total. . 

Labor overhead 10% . 

Profit 20%. 

Manipulation total. . 

Screenings (filler): 

Cost O.J5 ± cu. yd. in bins . 

Loading to trucks (from bins! 005 

Loading to trucks (from piles) o . 1 2) j ‘ . 

Hauling (ir>e regular hauling rates) . 

Spreading and brooming. 0.15 


Total cost screening filler. ... . 

Sand Filler: 

Cost 0.35 cu. yd. in pit. 

Loading. 0.12 

Tianling (use regular hauling r.itoN) . 

Spreadmg and brooming. . 0.15 


Total cost sand filler. . 

Note.—I f both sand and screenings arc used, work out a composite price 
for the percentage of each kind used. 

Summary: 

Material total (includes ov^erhead). 

Manipulation total (includes labor overhca<l).. . . 

Equipment overhead (exclusive crushing) (seep. 1201). So.6o± 


Estimate per cubic yard consolidated measure 
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Sample Estimate 

Filler so % screenings; so % sand. 

Small limestone quarry (total crusher output used. No waste). 
Material Estimate: 


Quarrying and crushing (see p. 

1130). |i .30 per cubic yard 

Consolidation 0.3 %. 

. 0.40 

Material total. 

. 1.70 per cubic yard consolidated 

Manipul ition: 


Transfer to trucks. 

. . . . $0.01 per cubic yard loose 

Haul (2 miles) (2 X 20). 

. 0.40 per cubic yard loose 

Spread. 

... 0.15 per cubic yard loose 

Rolling. 

o.io per cubic yard loose 

First subtotal. 

. . . . $0.66 per cubic yard loose 

Consolidation 0.3. 

0.20 

Second subtotal. 

f 0.86 per cubic yard consolidated 

Filler (sec below). 

0.90 

Total. 

... . |i 76 

10 % overhead. 

. ... 018 

Profit. 

0 36 

Manipulation total. 

. . I2.30 


1 

Filler ! 

Screenings 

Sand 

Cost 0.3s cu. yd. 

I0.44 

|o. 10 

Load. 

O.OI 

0.13 

Haul a miles. 

1 0.40 

0.40 

Spread. . . . 

O.IS 

0. IS 

Totals. 

li.oo 

I0.77 


Composite price half sand, half screenings - I0.88—say $0,00 

Sammar7: 

Material consolidated total. |i .70 

Manipulation consolidated total. 2.30 

Equipment overhead. 0.60 


Estimate. I4.60 per cubic yard consolidated 


MACADAM BOTTOM COURSE—IMPORTED MATERIALS 
Amount of Material Required: 

Total weight crushed limestone (specific gravity 2.7 or 170 lb. per cubic 
foot solid) according to our records is 3050 lb. per consolidated cubic yard of 
bottom course y' thick and 3150 lb. per cubic yard finished bottom 4" thick. 
Approximately 0.3s cubic yard sand or screenings required for filler. 


Cost Estimate 

Material! (limeatone): 

3" oourse 3050 lb. f.o.b. unloading points 1 . 
A*' course 3150 lb. f.o.b. unloading points / . 
6 % on material and freight. 

Material total. 
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Manipulation: 

Unloading: 

Under 2000 tons (shoveling) 35 cts. per ton \ 

Over 2000 tons (elevator) 16 cts. per ton /. 

Hauling: 

[ Bad conditions 55 cts. per ton mile ] 

Teams j Average conditions 50 cts. per ton mile 

[ Good conditions 40 cts. per ton mile [. 

Trucks. ' hort hauls 20 cts. per ton mile 

Hauls over 1.5 mile 16 cts. per ton mile J 

Spreading stone: 

SW' loose depth, 12 cts. per ton \ 

4" loose depth, 16 cts. per ton j. 

Rolling, 08 cts. per ton. 

FiUer: 

Cost 0.3s cu. yd. at pit or crusher. 

Loading 0.35 cu. yd. by hand shoveling.12 cts. 

Loading 0.3s cu. yd. from bins.01 ct. 

Hauling 0.35 cu. yd. at 7 to 20 cts. per mile (see hauling conditions) 
Spreading and brooming 0.3s cu. yd.15 cts 

Subtotal. 

10 % labor overhead. 

20 % profit ±. 

Manipulation total. 

Summary: 

Material total. 

Manipulation total. 

Equipment overhead (see p. 1262). 60 cts. to $1.00 

Total estimate per consolidated cubic yard. . . . 


Sample Estlmate 

4" consolidated depth limestone 

Materials: 

r 6 tons stone f.o.b. unloading @ |i .15 + $i .00 freight per ton 13-44 


6 % on materials. 0.20 

Material total. I3.64 

Manipulation: 

Unloading (i.btons X 16 cts.). $0.26 

Hauling 2 miles (2.0 X 1.6 X 16 cts.). 0.51 

Spreading (i.b X 12 cts.). 0.20 

Rolling (1.6 X 8 cts.). 0.13 

FiUer (Sand Pit): 

Cost (0.3s cu. yd. X 30 cts.). O.IO 

Ixiading. 0.12 

Hauling 2 miles (2.0 X 0.35 X 30 cts.). 0.21 

Spreading and brooming. 0.15 

Subtotal. |i .68 

10 % overhead. 0.17 

20 % profit. 0-34 

Manipulation total. ^2.19 


Summary: 

Material total. 

Manipulation total. . 
Equipment overhead 


16.60 per consolidated cubic yard 


53.64 

2.19 

0.77 


Estimate.... 
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BITUMINOUS CONCRETE BLACK BASE (HOT MIX) 

Materials required per ton of finished product generally about 1260 lb. 
stone, 650 lb. sand, and 90 lb. of asphalt. For weight per consolidated 
cubic yard, see page 496. 


S.VMPLE Estimate 


Materials (f.o.b. plant switch): 

1200 lb. stone at $ 2. is per ton $1.29 

700 lb. sand at 1.7s per ton 0.61 

100 lb. asphalt at 15.00 per t.>n 0.75 

Subtotal . . $2.65 

6 % on materials and freight o. is 

Material total. .... . I2.80 

Manipulation (per ton): 

Unload. fo.i6 

Mixing (labor and fuel). ... 0.80 

Hauling 2 miles (2 X 18 cts. per ton mile) 0.36 

Spreading, rolling, and finishing 0.60 

Subtotal. J1.92 

Labor overhead ... .0.20 

Profit.. .0.78 

Manipulation total.. . . . . |2.9<^ 

Summary: 

Material total.. . $2.80 per ton 

Manipulation total. 2,90 per ton 

Equipment overhead. . . i .00 per ton 

Estimate.. ^6.70 per ton 


CEMENT CONCRETE FOUNDATIONS-IMPORTED MATERIALS 
Materials Required fper cubic yard concrete base); 


Mix 


1:3:6 

i:2H:5 

1:2:4 


Cement, barrels 


I . I 

13 

1.6 


Stone or gravel, 
cubic yard.^ 


O.os 
0.02 
o 90 


Sand, cubic yards] 


0.47 

o .4b 
0-45 


Allow 10 % waste and excess for net sections for sand and stone. 
Steel as ordered. 


Materials: 


Typical Estimate 


• bbl, cement f.o.b. unloading switch. . . . 
cu. yd. Slone or gravel unloading switch. , 
cu. yd. sand unloading switch... . 

.lb. steel. 


Subtotal. 

10 % waste sand and stone.... 
6 % on materials and freight. . 


Material total 
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Manipulation: 

Unloading: 

.bbT. cement at 8 cts. per barrel. $0.11 ± 

1.5 cu. yd. stone and sand at 20 ct. 0.30 

Hauling: 

.bbl. cement at 3.5 cts. per barrel mile. 

I . 5 cu. yd. stone and sand at 22 cts. per yard mile. 

Mixing, placing, curing: 0.70 


Subtotal. . 

10% overhead. .... . 

Profit. . .... . o 70 ± 

Manipulation total. - 

Summary: 

Material total. . . 

Manipulation total. .. . 

Equipment overhead. . |i.oo± 


Estimate per cubic yard. 

S.A.MPLE ESTrM.4TE 
(i: 2I-2 : 5 Mix) 

^„Materials (Imported): 

1.3 bbl. cement at $2 . so f.o.b. switch. . I3.25 

o .46 cu. yd. sand at 2.50 f.o.b. switch. . . 1,15 

o .92 cu. yd. stone at 2.60 f.o.b. switch. . .. 2.40 

Subtotal . ... I6.80 

10 % wastage stone and sand. ... .35 

6 % on materials and freight. .45 

Material total. . $7.60 

* Note. -Where local materials are used, use local material estimate 
forms, p. IIJO to 1132. 

Manipulation: 

Unloading: 

1.3 bbl. cement at 8 cts. per barrel.. .lo.ii 

I .5 cu. yd. stone and sand at 20 cts. . 0.30 

Hauling (2 miles): 

I .3 bbl. cement at 3 5 cts. per Ibl. mile.. . 0.10 

1.5 cu. yd. Slone and sand at 21 cts.. 0.64 

Manipulation placing and finishing... 0.70 

Subtotal. .I1.85 

10 % labor overhead. 0.20 

Profit. 0.70 

Manipulation total. ^2.7S 

Summary: 

Material total.J 7.60 

Manipulation total. 2.7S 

Equipment overhead. 0.97 

Estimate per cubic yard.I11.32 

SCREENED GRAVEL TOP COURSE—LOCAL MATERIALS 
Materiala Required: 

I cu. yd. consolidated measure of finished top course screened gravel 
requires approximately 1.25 cu. yd. loose screened gravel plus 0.5 cu. yd. 
sand and loam. 
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Cost Estimate 

Materials (see p. 1 13 1 ): 

* Cost 1.2s cu. yd. screened gravel. 

* Cost 0.5 cu. yd. sand. 

Material total. 


Manipulations: 

Loading 1.7s cu. yd. from bins. I0.04 

Hauling (use schedule, p. iij«) 1.75 cu. ytl. 

Spreading gravel 1.25 cu. yd. at 20 cts. 0.25 

Spreading and brooming sand and loam 0.5 cu. yd. 0.25 

Rolling. 0.12 

Reshaping. 0,10 


Subtotal . 

10 % labor overhead. 

Profit 20 % =». . 

Manipulation total. 

Snmmary: 

Material total. ... . 

Manipulation total. 

Equipment overhead (exclusive screening). 0.50± 

Estimate per cubic yard consolidated. 

1 Includes overhead and profit. 


LOCAL STOI^E WATER-BOUND MACADAM TOP 

Same as for imported top using estimate forms (p. 1130) for 
production of local material and making due allowance for amount 
of screenings produced by local crusher. See also sample estimate 
local stone macadam at the bottom of page 1134. 

WATER-BOUND MACADAM TOP COURSE—IMPORTED MATERIALS 
Materials Required; 

I cu. yd. consolidated top course requires approximately 3200 lb. of coarse 
stone and 1250 lb. of screenings where limestone is used (i^. gr. 2.7 or 170 lb. 
per cubic foot solid rock). See page 442 for weights ot different rocks of 
different sizes. 

Cost Estimate 

Materials: 

4450 lb. limestone f.o.b. unloading point. . 

6 % on stone and freight.. 

Materials total. 

Manipulation: 

Unloading from cars at 16 cts. per ton. 

Hauling (regular schedule p. 1128). 

Spreading stone at 18 cts. per ton. 

Spreading screenings at 30 cts. per ton (hand). 

Spreading screenings at 10 cts. per ton (mechanical).. 

Rolling at 05 cts. per ton 

Puddling at 08 cU. per ton _ 

Subtotal. 

10 % overhead. 

20 % profit ±.:. . 

Total manipulation. 

Sunimarp: 

Material total. 

Manipulation total. 

E<{uipment overhead. 60 cts. to <00 

Estimate per consolidated cubic yard. 
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Sample Estimate 


Materials: 

2.22 tons limestone at I2.25 per ten f.o.b. switch 
6 % on materials. 


Is.00 
0.30 


Materials total. . I5.30 

Manipulation: 

Unloading 2.22 X i6 cts. . I0.36 

Hauling 2 miles (2.22 X 2.0 X 16 cts ). 0.71 

Spreading stone 1 .6 tons X 18 cts. 0.29 

Spreading screenings 0.62 tons X 20 cts. 0.12 

Rolling 2,22 tons X S cts. o.ii 

Puddling 2.22 tons X 8 cts. 0.18 


Subtotal. 1 1.7 7 

10 % overhead. 0.18 

Profit 20% ±. 0.36 


Manipulation total. I2.31 

Summary: 

Material total.Is*30 

Manipulation total. 2.31 

Equipment overhead. 0.69 


Estimate 


18.30 per cubic yard 


LOCAL STONE BITUMINOUS MACADAM TOP 

Same as for imported bituminous macadam using estimate (see 
p. 1130) for production of local material. See also local stone 
macadam, sample estimate, page 1134. 

BITUMINOUS MACADAM TOP-IMPORTED MATERIALS 

Amounts of Material Required: 

Stone; 

Total weight of limestone (sp. gr. 2.7 or 170 lb. per cubic foot solid) 
according to our best records is 4250 lb, per cubic yard of finished bituminous 
macadam 2>a" consolidated depth and 4350 lb. per cubic yard of 3" consoli¬ 
dated depth. The percentage of dilTerent sizes are as follows. 

Ito il’i" size crushed stone 65 to 75 % of total. 

^ to size crushed stone 20 to 15 % of total. 

Dustless screenings 15 to 10 % of total. 

Bitumen: 

I S to 1.7s gal. single coat per square yard. 

2.0 to 2 25 gal. double coat per square yard. 

Single coat recommended on steep grades. 

Cost of Manipulation: 

Overhead charge (interest, depreciation, repairs, bonds, etc.). 

Short jobs (i>2 miles or less, eliminations) $1.00 per consolidated cubic 
yard. 

Long jobs (ordinary contracts).I0.60 per consolidated cubic 

yard. 

Interest on Cost of Materials and Freight 6 %• 

Profit; 

Allow enough to give is % net profit for job over and above overhead 
and interest charge. 

Unit prices based on: 

Labor 50 cts. per hour. 

Teams 90 cts. per hour. 

S-ton trucks I3.00 per hour. 
iH-ton trucks |i .50 per hour. 

Unloading Stone: 

Small jobs 2.2 tons at 35 cts. per ton. 

Large contracts a. a tons at 16 eta. per ton. 
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Hauling: 

Bad conditions 2.2 tons at 55 cts. per ton mile 

Teams Average conditions 2.2 toua at so cts. per ton mile 

Good conditions 2.2 tons at 40 cts. per ton mile 

TnirW S^ort haul. 20 cts. per ton mile 

xrucKs (over i .5 miles) 16 to 18 cts. per ton mile. 

Spreading Stone: 

No. 3 stone 1.5 tons at 18 cts. per ton. 

Screenings and 

No. 2 stone 0.7 tons at 70 cts. per ton. 

Rolling: 

2.2 tons at 12 cts. per ton. 

Heating and Spreading Bitumen . 

Small jobs 2.25 gal. at s cts. per gallon. 

Long jobs 2.25 gal. at 3 cts. per gal. 

Hauling Bitumen: 

o.i ct. per gallon per mile. 


BITUMINOUS MACADAM TOP—IMPORTED MATERIALS SHORT 
JOBS ELIMINATIONS 


S.VMPLL E-STIMATE 

Materials: 

2.2 tons f.o.b. delivery point $r. 15 1 $r .00 per ton frt ight I4 73 

27 gallons bilum< n f.o.b. delivery point at 10 cts. per gallon. 2.70 

6 % on materials and freight 0.45 

Materials total. l7.^<8 

Manipulation: 

Unloading stone (2.2 tons) at 35 cts. per ton. . . I0.77 

Hauling stone 2.2 tons 2 miles at lO cts. per ton mile .0.70 

Spreading: 

1 .5 tons No. 3 stone at 18 cts. per ton.... 0.27 

0.7 tons screenings No. 2 at 70 cts. per ton 0.50 

Rolling 2.2 ton.s at 12 cts. per ton . 0.26 

Hauling bitumtn 27 gal. at o.i ct. per gallon mile . . • i .35 

Heating and spreading bitumen 27 gal. at 0.05 cts.. i - 35 


Manipulation total. .... $3.QO 

Summary: 

Material total. $ 7.88 

Manipulation total. . 3 yo 

Overhead. i . 00 


Net profit. ... . o 80 

Total. 113.58 per cubic yard in place. 

Say 113.60 per cubic yard including bitumen or $i. iS per square yard. 
Ix>tig contracts run about |i to |i. 10 per square yard 3^' consolidated depth. 


BITUMINOUS CONCRETE SURFACE—HOT MIX 
Materiali Required: 

The amount of materials will vary considerably depending on the source 
of turoly (see Design of Bituminous Concretes p. 495)* For weight per 
consolidated cubic yard see page 496. 
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Cost Estimate (Per Ton) 

Materials (f.o.b. plant switch): 

Stone. . 

Sand. . 

Dust (filler). 

Asphalt.. 

Subtotal.. 

6 % on materials and freight.... 

Material total per ton. 


Manipulation (Per ton): 

Unloading. . . $0.16 

MixinK (labor and fuel). i .00 

HanlitiK at 18 cts. per ton mile . 

Spreading (labor).. 0.60 

Rolhniij and finishing (labor and fuel). . 0,20 


Subtotal. . . 

10‘^'0 overhead. . 

Profit. .$1.00 + 


Manipulation total. .... 

Summary: 

Material total. 

Manipulation total 

Plant overhead, etc $0 80 to $2 00 (see p. 12^4) 


Estimate per ton 


TOPEKA TOP COURSE -IMPORTED MATERIALS 


S.\MPLE Estimate 


Materials (Per ton finished pavement): 

500 lb. stone at $ 2.15 per ton (f.o.b. plant). . $0.54 

1160 lb. sand at i.75 per ton (f.o.b. plant). 1.02 

170 lb. dust at 0.00 per ton (f.o.b. plant). 0.51 

170 lb. asphalt at 15.00 per ton U-o.b. plant). 1.28 

I3.35 

6 % on material ami freight.... . 0.20 


Material total. ... . 13-55 

Manipulation (Per ton finished pavement): 

Unloading.$0.16 

Mixing. ... 1.00 

Hauling 2 miles. .... ... 0.40 

Spreading. . ... 0.60 

Rolling and finishing. . 0.20 


Subtotal. I2.36 

Overhead labor. 0.24 

Profit. . 1 1.00 


Manipulation total. l3 • bo 

Summary: 

Material total. I 3 - 5 S 

Manipulation total. 3-bo 

Equipment overhead. 1.05 

Eatimate per ton. 18 20 
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SHEET ASPHALT SURFACING 
Cost data from city pavements by Besson 
Recapitulation of Cost.—For a surface iW' in thickness, sheet asphalt 
pavement costs may be tabulated as follows^ that for materials, of course, 
depending greatlv upon local conditions, while the other costs should fluc¬ 
tuate to a much less degree. 

Sand at $0.80 ton. 120 lb. —. I0.048 per sq. yd. 

Dust at is.00 ton, 30 lb. »•. 0.075 

Asphalt at 1 15.00 ton, 15 lb. =. 0.113 


Total for materials. 


Fuel. 

Total at the plant. 

Transportation at $9 per ton. 

Spreading the mixture. 

Surface finishing. 



I0.236 

0.075 

0.090 

0.030 

O.I 9 S 

0.075 

0.045 

0.015 


Total for operating. 

10% foreman and overhead . 

10% contingencies. 

15% contractor’s profit .... 


So.566 
0.057 

0.057 

0.085 

So. 77 


Estimated bid price per sq. yd 

CEMENT-CONCRETE PAVEMENT—IMPORTED MATERIALS 

TyPIC.AL EqUIPMKNT—PAVK.\ fKN'T ProPKR 

Approximate 


Item 

Approximate 

value 

yearly charge 
including intere.st, 
depreciation, 
repairs, storage, 
taxes, etc. 

Mini- Maxi¬ 
mum mum 

Clam shovel or elevator unloader., 

S 2,000 to $ 8,000*1 

600 

$ 2,400 1 

Bin and batcher. 

1.000 to 3.000 


300 

900 ; 

10 to 20 Ford trucks or smaller 





number of large trucks. 

5,000 to lo.oool 

3 . 500 ‘ 

7,000 

Six- to seven-bag batch concrete 





mixer. I 

6,000 to 7,000! 

3.000 

3.500 

3.000 lin. ft. steel forms. 

2.000 to 3,000' 

1,600 

2,400 

Small t(X)ls for mixing, placing, and 





finishing. 

200 to 300 


200 

300 

25.000'± water pipe line. 

4,000 to 6,000 


2,000 

3.000 

Pumping equipment. 

800 to 1,500; 

200 

500 

First totals. 

$21,000 to 138,000 

111,400 

,120.000 

Second totals exclusive trucks... 

16,000 to 31,000 


8,000 

1 13.000 

Moving plant and installing on job 

. 

s 

500 

|| I .000 


Average yearly output 5 to 8 miles of road — 10,000 to 20,000 cu. yd. per 
year. 

First total. 1 12,000 to I21,000 

Second total. I 8,500 to 1 14,000 

Approximate average overhead on equipment per cubic 

yard of pavement. |i .00 to |i .50 

Approximate^ average overhead exclusive of haulage 

which is often sublet. I0.70 to |i .ao 

1 Not*. —Haulage is often sublet or trucks hired by the day which becomes 
pay-roll charge. 




































CEMENT CONCRETE PAVEMENTS 


1145 


Materials Estimate per Cubic Yard of Pavement: 

Cement: 

i: i>i:3 mix.... 1.9 bbl. 

1:2 :3 mix_ 1.7 bbl. 

1:2 :4 mix.... 1.6 bbl. 

Sand (Loose measure) 

I: iK : 3 mix- 0.42 cu. 

1:2 :3 mix_ 0.52 cu. 

1:2 :a mix.... 0,45 cu 

A di 


at.per bbl.. 

f.o.b. unloading point, 
returned. 


bags 


, yd. 
yd. 
yd. 


at.per cubic yard . 

f.o.b. unloading point 

Crushed ^tone or Screened Gravel (Loose measure) 

i:i>a:3 mix_ 0.85 cu. yd. ] 

1:2 :3 mix.... o .77 cu. yd. 

1:2 :4 mix.... 0.90 cu. yd. | 

Expansion Joints. So. 10 

Steel Reinforcement: ... to ... lb. per cubic yard concrete f.o.b. 
unloading point. 


at.per cubic yard , 

f.o.b. unloading point 


Total.. .. 

Allow 10 % for wastage and excess of actual quantities over net 

section... 

Allow 6 Vi for demurrage, interest, and profit on materials . 


Material estimate total. 

1 Note. —Sand and stone is usually sold by the ton and the weights will 
vary considerably for different sources of su]^ly, sizes ordered, and whether 
sand is washed or taken directly from pit. The weight per cubic yard loose 
measure as shipped must be determined for each separate case (see pp. 1180 
and 1182). 


Labor and Fuel Costs (per cubic yard concrete): 

Unloading and batching: 

Cement: 

7 oVi direct car to trucks 5 cts. per bbl. 

30V0 storage and rehandling 15 cts. per bbl. 

i: iJ-'i : J niix. 2 bbl. ut 8 cts. ) 

i:2 : 3 mix. i .8 bbl. at 8 cts. [ a=|o.i6 — 

1:2 : 4 mix. 1.7 bbl. at 8 cts. ] 

Sand and Coarse ARgreiitUe: 

1.5 cu. yd. at 20 cts. per cubic yard (loose measure). |o.3o± 

Steel reinforcement-lb. at .02 ct. per pouml. 

Ilauitng (Trucks including depreciation, repair, etc.): 

Cement: 

X . 7 to 2.0 bbl. at 3 . s cts. per barrel mile. 

Sand and Stone: 

I ,5 cu. yd. at 21 cts. per cubic yanl mile over i .5 miles \ 

26 cts. per cubic yard mile under i .5 miles J. 

Steel: 

-to-lb. at 0.02 ct. per pound mile. 


Manipulation: 

Forms. per cubic yard pavement $0.12 

Mixing.per cubic yard pavement o. ri 

Placing concrete. per cubic yard pavement 0.15 

Placing steel and joints, per cubic yard pavement 0.045 
Finishing steel and joints per cubic yard pavement 0.105 

Cover and curing. per cubic yard p.ivement 0.25 

Water supply. per cubic yard pavement 0.07 


$o.8s 


Total. 

10% overhead. 

Profit . $1.00 to 11.50 


Pay roll total estimate.. 

Sommary: 

Pay roll total. 

Material total. 

Equipment total (exclusive hauling)... |i .00 ± 


Eatimate 


per cubic yard pavemer*' 
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Sample Estimate 

- iH") (i: iH: 3 mix) (Imported materials) 
Large job 10 miles in length. 


Materials (Imported) 

1.9 bbl. cement f.o.b. switch at $2.50 per bbl..... . .$ 4-75 

o .42 cu. yd. sand f.o.b. switch at $2 . so per cubic yard. 1.05 

0.8s cu. yd. stone f.o.b. switch at $2.60 per cubic yard. 2.20 

Expansion joints per cubic yard pavement. . . o.io 

25-lb. steel per cubic yard pavement at j cts. . 0.75 

Total. . .$8,8s 

lO^o wastage ... 0.30 

6% on materials. 0.60 

Materials total. . I 9 . 7 S 


1 Note.—W here local materials are used, use material estimate forms, 
pp. 1130 to 1132 


Manipulation: 

Unloading: 

Cement. . . . |o. 16 

Sand and stone. 0.30 

Steel. . o . o I 

Hauling (2 miles): 

Cement 2 X 1.9 X 3 5 cts. . $0.14 

Sand and stone 2 X i..5 X 21 cts. ... 0.63 

Steel 25 X 0.02 ct. .. . 0.01 

Mixing, placing, curing, etc. 0.8s 

Subtotal. . . . , S2.10 

Profit. . I .00 

10% overhead. o.£i 

Pay roll total. I3.31 

Summary: 

Pay roll total... I 3 • 31 
Material total.. 9-75 

Equipment 

overhead. 1.04 


Estimate.... Ji4.10 per cubic yard » $2.75 per square yard 7" depth. 


BRICK SURFACING 

Materials Required: 

Brick: 40 per sq. yd. usual standard (3H" by 4" by 9"). 

Sand cushion (i" thick): o .028 cu. yd. per square yard. 

Cement grout (i to i): o .03 bbl, cement 0.05 cu. yd. sand per square yard. 
Sand cover (i" thick): 0,028 cu. yd. per square yard. 


Amount of Cement and Sand Different Mortars (per Cubic 
Yard Mortar) 


i: I mix. 

. 4-8 bbl. cement 

0.77 cu. yd. sand 

i: mix. 

, . , 3.88 bbl. cement 

0.86 cu. yd. sand 

1 1:2 mix. .. . 

.3.20 bbl. cement 

0.95 cu. yd. sand 

1 1:3 mix.... 

I 2.40 bbl. cement 

1.07 cu. yd. sand 

1:4 mix. 

. . - j 1.90 bbl. cement 

I . 12 cu. yd. sand 

^or typical estimates. 

see below and page 1214. 
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Cost Data from City Pavements 
By Besson 

Cost Data.—Typical data (1922) for the cost of a brick surface per square 


yard are as follows: 

Per 

Square 

Yard 

36 bricks at $50 per thousand (3" depth).5i .80 

Handling to trucks. .... .0.02 

Hauling.. 0.20 

Piling on street ... ... . . . . 0.02 

Laying and rolling. ... ..... o.io 

Bitiiminou.s filler (plus 10 to 15 cts. if poure<l). O.18 

Sand cusbiun (plus 10 cts. if cement is added). 0.08 

I2.40 

iS''(3 contingencies anti overhead. ... 0.36 

IS% profit. 0.36 

Estimate. . . I3.12 


Cost Data from City Pavements 
By Besson 

Stone Block Surfacing 

Cost Data.—Typical data (1922) for the cost of a granite-block surface arc: 


Per 

Square 

Yard 

30 blocks at $120 per thousand. . $3-60 

Handling to trucks. ... 0.03 

Hauling. 0.32 

Piling on street 0.02 

Laying and ramming. 0.30 

Mastic filler.. . 0.30 

Sand cushion (plus 25 cts. if cement is added) . .0.13 

I4.60 

('ontingcncics and overhe.id. ... .... . 0.50 

Profit. 0.70 

Total estimate. . IS-So 
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Sampu Estimate Form for Pipe Culverts Western New York 



^.1 

Approximate costs per foot of length 

Size and kind 

Approximate pri< 
toot‘ f.o.b. unlo* 
point 

Unloading 

__ 

Hauling per mile 

Installation not 
including 
trenching 

Joints 

Average bid price. 
Western New 

York, 1926 

Light-weight standard 

water pipe (5so per ton): 
12'' cast iron 






I3.00 

2 .00 

0.07 

0 .or 

0 09 

0.02 

14'' cast iron 

2.50 

0.07 

0 .or 

0.09 

0.03 

3 SO 

16^' cast iron 

3-00 

0.08 

0.02 

0.10 

0.03 

4.00 

18" cast iron 

Lock joint cast-iron cul- 

3-75 

0.12 

0.03 

0.15 

0.04 

5.00 

vert pipe: 

12 

- 

0.03 

o.or 

0.00 

0.02 

, .y - 

14" 

2 

0.04 

0 or 

0 06 

0 03 

3 70 

16 " 

3.26 

0.05 

0.01 

0 07 

0 03 

4 00 


3-67 

0.06 

0.015 

0.09 

0.04 

i 5 00 

24 

6.52 

0.08 

0.02 

0.12 

0.06 

7 50 

Corrugated metal 





12" 

1 20 

0.03 

0.01 

0.03 

... 

1.60 



0 03 

0 or 

o.oj 



I (X) 

0.03 

0.015 

0 03 


! 2 00 

18'' 

I 00 

0.04 

0 02 

0.04 


i 2 50 

24" 

Reinforced concrete; 

2 80 

0 ,05 

0.02 

0.05 

1 

j 3 SO 

12'' 

0 .90 

0.02 

0 or 

0,06 

0 02 

! 1.70 

15" 

I . 10 

0.03 

0.01 

0 oO 

0 03 

2.00 

18" 

1.40 

0.0.) 

0.02 

. 0.07 

0.04 

2.30 

24" 

Double-strength* vitrified 

2.20 

0.06 

0.02 

; 0.08 

0.06 

i 

3 so 

pipe: 

i 



^ 0 06 


1 

12" 

: 0.70 

0.02 

O.OI 

: 0.02 

0.90 

IS'' 

' 0.90 

0.03 

o.or 

0.06 

0.03 

1 .30 

18" 

i 1.40 

0.04 

0.02 

0.07 

0 04 

I .60 

24" 

2 40 

0.06 

, 0.02 

0.08 

0.06 

3.00 


* Prices for pipe are for car loa^l lots. 

* Where vitrined pip>c is used it is generally jacketed with concrete the 
cost of which must be added to the figures given in the tabulation. For 
weights and dimensions of culvert pipe, see Chap. XIV. pp. 1070 to 1084. 
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Average cost sewers. (Lima, Ohio, 1921.) 

Fig. 325. 


E 5 ‘iima 4 cdl CorT 4 racf Price per Linear Foo4,dollars (To+al Cos'f) 
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Average cost sewers. (Lima, Ohio, 1921.) 
Fig. 325.— (Continued.) 


COST ESTIMATE FORMS- BRIDGE AND CULVERTS 
Earth Excavation (Foundations): 

Dry-earth hand work. I2.S0 per cubic yard 

Wet-earth hand work .... 3.50 per cubic yard 

Dry-earth steam shovel. 0.80 per cubic yard 

Dry-earth slip scrapper. 0.60 per cubic yard 

Rock Excavation: 

Removing old masonry. 4.00 per cubic yard 

Rock in foundations. 5.00 to 6.00 per cubic yard 

Shale in foundations . 4.00 per cubic yard 

Cofferdams or Flumes: 

|8o per M ft. b.m. in place required for protection. 

Timber PUes: 

11.00 per foot for driving (small jobs). 

0.50 per foot for driving (large jobs). 

0.40 per foot delivered at bridge. 

Bar Steel I Use 6 cts. per pound in place except for thin reinforced side wall 
culverts m which case use 8 cts. per pound. 
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Rolled Beams (Usual bid 6 cts. per pound): 

Cost f.o.b. switch. 

Unload to trucks. 

Hauling per mile. 

Erecting. 


I0.032 per pound 
0.001 

0.001 per pound 
0.00s per pound 


Total.I0.039 

10 % overhead. 0.00s 

Profit. 0.008 


Total.10.052 

Note.—A dd Jo.oor per mile for each mile over first mile. 

Structural Steel (In place): 

Usual estimate / ponnd plate girders, 

usual estimate^ ^ ^ trusses. 

Dismantling steel superstructure. $10.00 per ton 


Rtpointing old masonary. 0.05 per sq. ft. 

Cement: Allow 30 cts. per barrel net profit. 

Cost per barrel f.o.b. unloading switch. . $2.44 

Unload to trucks. 0.08 

Haul at 3.5 cts. per mile per barrel. 0.04 

Incorporating in mix (included in concrete manipulation) 0.00 


T.nal. . $2.56 

5'(' overhead . 0.14 

Profit.... ... . .0.30 


Estimate per barrel for i-mile haul . $3.00 

Add 3.5 cts. for each mile over i-milc haul. 


COST ESTIMATE FORMS—CONCRETE CULVERTS AND BRIDGES 
Profit: 

Allow $2 per cubic yard net profit over an<I above all costs including equip¬ 
ment, overhead bonds, liability, etc. 

Materials (lo^*; wastage allowed on sand and stone): 
i: 2 l-^: S abutment concrete: 

0.5 cu. yd. (0.75 ton) sand f.o.b. switch 1. 

i.o cu. yd. (1.2 tons) stone f.o.b. switch / 

1:2:4 culvert concrete: 

0.48 cu. yd. (0.73 ton ) sand f.o.b. switch ) . 

0.9s cu. yd. (t. 14 tuns) stone f.o.b. switch j 
i; 2:3 Vi concrete: 

o 52 cu, yd. (0. 77 ton ) sand ). .... 

0.92 cu. yd. (i.i tons) stone J 


Total. 

6% overhead 


Material total. .... 

Manipulation (per cubic yard concrete): 

Unload (1.5 cu. yd. sand and stone): 

By hand (small jobs) 60 cts. per cubic yard. . . $0.90 

By machinery (large jobs) 20 cts. per cubic yard. o.30i 

Hauling (1.5 cu. yd.): 

Hand loading less than i .5 miles at 40 cts. per yard mile 
Bin loading le.ss than i.S miles at 25 cts. per yard mile 
Bin loading hauls over i. 5 miles at 20 cts. per yard mile 


Per 

Cubic 

Forms: Yard 

Small culverts 5^ span or less. I 3.00 

BR loi standard culverts. 4.00 

701 abutments. 2.50 

703 abutments. a.00 

Slab decks. 6.00 

T-beam decks. 8.00 

Jack-arch decks (corrugated metal). S. 00 

Trestles (as height). 13.00 

Parapets (mney). 10.00 

Reiniorced'concrete arch rings.. . 10.00 
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Per 

Cubic 

Yard 

Mixing and Placing: 

Culverts (standard). $ 2.00 

Abutments. 1.50 

Superstructures slab. 2.00 

Superstructures T and Jack arch. 2.50 

Parapets. 3.00 

BR loi culverts. 2.50 

Rub Finish: 

Abutments and unngs. $ 0.30 

Parapets and copings (fancy). 3.00 


Total. 

10% overhead.*. 

Manipulation total. 

CONCRETE SUMMARY 

Per 

Cubic 


Yard 

Material total. 

Manipulation total. 

Equipment overhead . Si. 00 

Profit. 2 00 


Total estimate. 

CONDENSED SCHEDULE OF CULVERT AND BRIDGE 
CONCRETE PRICES DIVISION 4, WESTERN NEW YORK, 1926 

(Compiled by W. G. Harger from Cost Data Collected in 1926) 
General Basis of Costs: 

0.75 ton sand per cubic yard concrete. 

I IS tons stone or gravel per cubic yard, concrete. 

Cost of sand and stone per cubic yard concrete, I3.60 f.o.b. unloading point. 
Unloading by hand shoveling from cars. 

Average haul 4 miles switch to work. 

Note. —To correct for other conditions of cost, proceed as follows: 
Correct prices directly for difTcrcnce in cost of materials f.o.b. switch 
unloading point. 

If stone and sand and unloaded mechanically, reduce prices of concrete 
60 cts. per cubic yard. 

If haul is not 4 miles, either add or subtract 35 cts. for each mile over or 
under the 4 miles estimated. 

Typical Unit Costs of Concrete (4-inile haul) 

(Cement and reinforcement not included) 

Per 

Cubic 


Standard culverts (under s' span) Fig. 65, page 221. $15.00 

BR loi culverts (6 to 10' span) Pig. 67, p. 224. 17.00 

Abutment and wings (Br 701 to 703) Fig. 69IS, page 241. 13.50 

Slab floor concrete (Br 201) Pig. 69A, page 237. 18.00 

Jack-arch floor concrete (Br 301) Fig. 76.4, page 276. 18.00 

T-bcam floor concrete (Br 401) Fig. 73A. page 252. 21.50 

Parapet concrete (Br 201, ^01. and 401) Pig. 734, page 252. 27.00 

Reinforc'^d-concrete arch rings Fig. 7 i 4 , page 249. 23.50 

Trestle concrete-railway crossing designs, approximately. 28.50 


Typical Coat Eatimatea 

Small jobs assuming material unloaded by hand before regular unloading 
equipment is installed. 

Colverta (Less than 5' span) (mass concrete) 

1:2:4 mix): 

Sand 1 1.70 per too f.o.b. switch. 

Stone I2.X0 per ton f.o.b. switch. 
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Materials: 

0.73 tons sand at I1.70. |i .34 

1.14 tons stono at I2.10. 3.40 

Total. I3.64 

6%.... 0.22 

Materia total. 13-86 

Manipulation: 

Unload by hand 1.43 cu. yd. at 60 cts.|o.86 

Haul 1.43 cu. yd. 4 miles at 25 cts. per mile. 1.43 

Forms.. 3 -00 

Mixing and placing. 2.00 

Rub finish. 0.30 

Total.,. $759 

Exclusive of hauling 10% overhead. 0.62 

Manipulation total. $8.21 


Note.—A dd or subtract 35 cts. for every mile over or less than 4 miles as 
shown. 

Summary: 

Material total. $ 3.86 

Manipulation total. 8.21 

Equipment overhead. i.oo 

Profit. 2.00 


I15.07, say $T5. does not include cement or 
reinforcement. 

Culverts (BR 101 standard 6 to 10' span reinforced side walls and bottom): 


U 2' 3 *-2 mix): 

Sand 1 1.70 per ton f.o.h, switch. 

Stone $2.10 per ton f.o.b. switch. 

Materials: 

0.77 ton sand at |i.70.$1.32 

1.1 tons stone at I2.10. 2.32 

Total. ... . I3.64 

6%. . . 0.22 


Material total. ^3.86 

Manipulation: 

Unload 1.44 cu. yd. stone and sand at 60 cts.So.86 

Haul X.44 cu. yd. 4 miles at 25 cts. per mile. 1.43 

Forms. 4.00 

Mixing and placing. 2.50 

Rub finish. 0.30 

$ 9.09 

Exclusive of hauling 10 % overhead. 0.77 

Manipulation tot.al. Iq.86 


Notb.—A dd or subtract 35 cts. for every mile over or under a 4-mile haul 
Summary: 

Material total. I 3.86 

Manipulation. 9.86 

Equipment overhead. i .00 

Profit. 2.00 


1 x 6 .73, say I17. does not include cement or 
x^inforcement. 

Abutment Costs (BR 701-703) see Pig. 69B. page 241. 

X’ 3>^ 5 mix: 

Sand 1 1.70 per ton f.o.b. switch. 

Stone I2.10 per ton f.o.b. switch. 
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Hateriah: 

0.75 ton sand at I1.70. $l.2^ 

I. a tons stone at S2.10 . a.sa 

Total. $3.79 

6%. 0.23 


Material total. . .I4 02 

Manipulation: 

Unload by hand 1.43 cu. yd. at 60 cts .... |o.86 

Haul 1.5 cu. yd. 4 miles at 25 cts. per yard mile. 1 ..SO 

Forms. . 2.00 

Mixing and placing . ....1.50 

Rub finish. .0.30 


|6 16 

Exclusive of hauling 10% overhead. . . 0.47 

Manipulation total. $6 63 

Note.— Add or subtract 37 cts. per mile for each mile of haul over or under 
4 miles. 

Nummary: 

Materials. $ 4 02 

Mariipulation. . 6.63 

Equipment overhead. i .00 

Profit. 2.00 


$13 bs, say $i 3 ..'>o per cubic yard, docs not 
include cement or reinforcement. 

SUb Deck Concrete (BR 201) and Jack-arch Deck Concrete (BR 302) Fig. 
76.4. page 276: 

1: 2'3I-/ mix: 

Sand lr.70 per V)n f.o.b. switch. 

Stone f2.io per ton f.o.b. switch. 

Ma/^ials: 

0.77 ton sand at lr.70. I r .32 

1.1 tons stone at I2.ro. . 2.32 

Total. ... . I 3.64 

6 %. ... 022 


Material total. . I 3.86 

Manipulation: 

Unload by hand 1.44 cu. yd.. .... I 0,86 

Haul 1.44 cu. yd, 4 miles. 1.43 

Forms. ... 6.00 

Mixing and placing. 2.00 


1 10.20 

Exclusive of hauling 10% overhead. 0.88 


Manipulation total. ... . Iii.x? 

Note.—A dd or subtract 35 cts. for each mile hauled over or under 4 miles. 

Summary: 

Material total. I 3-86 

Manipulation total. 11.17 

Equipment overhead. 1,00 

Profit. 2.00 


I18.03, say I18, exclusive of cement and 
reinforcement. 

T-baam Superstmcttires (BR 401) and Reinforced ^concrete Arches: 

1:2: 3H mix: 

Sand 1 1.70 per ton f.o.b. switch. 

Stone I2.10 per ton f.o.b. switch. 






























CONCRETE BRIDGES 


IISS 


Materials: 

0.77 ton sand at 11.70. $ 1.32 

1.1 tons stone at I2.10. 2.32 


Total. I 3 64 

6 % . 0.22 


Material total.$ 3.86 

Manipulation: 

Unload by hand 1.44 cu. yd. .$ 0.86 

Haul cu. yd. 4 miles. . 1.43 

Forms ( i-beam construction). 8.00 

Mixing and placing. 2.50 

Finishing. 0.50 


Total.. .|i3-29 

Overhead lO^o exclusive of hauling. . 1.18 


^fan^pulation total. I14.47 

Notk.—.\ fM or subtract 35 cts. for each mile hauled over or under 4 miles 
as estimated. 

Summary: 


Materials.. $ 3 8b 

Manipulation. M 47 

Equipment . ... 1.00 

Profit. ... 2 00 


J2i .33 T-beam. 

23.50 arch rings. 

Parapet Concrete (BR 201, 302. and 401): 

1:2: 3>4 

Sand ii.70 per ton f.o.b. switch. 

Stone I2.10 per ton f.o.b. switch. 

Materials: 

0.77 ton at J 1.70 . I 1 .32 

i.i tons at }J.io. . 2.32 


6‘i,. 

$ 3 -64 
. 0 22 

Materials. . . . 

. $3-84 

Manipulation: 


Unload . 

. $ 0.86 

Haul 4 miles. . . 

. 1.43 

Forms. 

. 10.00 

Placing 

... . 3.00 

Finishing. 

. .. 3.00 


$18.29 

Labor ovcrhca<l... 

. 1.68 


Manipulation... .$19.97 

Noth.—A dd or subtract 35 cts. per mile over or less than the 4 miles 
estimated. 


Summary: 

Materials . I 3 84 

Manipulation. 19 .97 

Equipment. i.oo 

Profit. . . 2 00 


$26.81, say I27. 

Incidental Items. —Incidental minor item prices should be com 
piled for the locality in question and the specifications and design 
used locally. The following list is for items in Western New York 
(1926); 
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SAMPLE COST ESTIMATES 
Incidental Items (see also Chap. XII. p. 768): 

Clearing and Grubbing: 

Sage brush. I 20 to $ 60 per acre 

Small trees and brush . 100 to 150 per acre 

Large trees, heavy growth 300 to 500 per acre 

Pipe underdrain (exclusive excavation and porous filling); 


4" vitrified pipe. 

6" vitrified pipe. 

Rela^ng old pipe 

Manholes. ... 

Manhole covers ... . 

Pipes, all kinds (see p. 1148). 

Curbing: 

6" medium sandstone ... 

Concrete curb, includes cement. 
Resetting old curb ... 

Curb bar for concrete curb . 

Gutters; 

Cobble, cement joints . 

Concrete, includes cement.. . 

Guard rail; 

Wooden.. 

Resetting old rail. 

Steel cable, concrete posts 
Concrete guide posts set 6' to 8' centers 
(Cost at plant Si.60) 

2" pipe rail. 

Scarifying and reshaping macadam 

Maintaining traffic . 

Timber and lumber in place.. . . 

Rip-rap. 

Grouted rip-rap. 


So. 25 per linear foot 
o 35 per linear foot 
o. 20 per linear foot 
10.00 per foot height 
o. 10 per pound 


$2 10 per foot 
25 per cubic yard 
I 00 per foot 
o. 30 per foot 

S 1.25 per square yard 
18 per cubic yard 

S 0.75 per linear foot 
o. 50 per linear foot 
1. 50 per linear foot 
3.00 each, So. 50 per lin. ft. 


RcTOinting masonry. 

Rennishing old concrete. . 
Repair disintegrated concrete 
Gunite refinish. 


S 3 00 per linear foot 
o. 10 per square yard 
o. 20 per linear foot 
80 per M ft. b.m. 

2.00 to 4 00 per cubic yard 
7.00 per cubic yardexclusiveof 
cement 

S 0.05 per sq. ft. 
o. IS per sq. ft. 
o . so per sq. ft. 

0.30 to 80 

Land Damage Costs. —It is desirable to establish schedules of reasonable 
values for locfuity in question and to use these schedules in making initial 
offers. If property owner is not reasonable, condemnation should be resorted 

to. 

Land acquired, twice prevailing acreage value. 

Fruit trees, twice capitalized value from average cTop, or loss from time 
required to plant and grow other trees. 

Moving houses, one and one-half times cost of moving to suitable location. 

Western New York Approximate Schedules (Condemnation) 

Poor gully land. $ 50 per acre 

Ordinary farm land. 150 per acre 

Vineyards. 500 per acre 

Orchards. 700 per acre 

Moving houses. 1000 each 

DETAIL COST DATA AND AMOUNTS OF MATERIALS 


Cost of Earth Excavation.—Table 211 shows the cost of earth¬ 
work on four roads in New York State which represent easy, 
average, and difficult work. The cost per cubic yard includes 
excavation, placing in fill, fine grading for pavement, and trimming 
shoulders and ditches. For heavy fills with short hauls, whed 
scrapers were used but the largest part of the work was done by 
team plowing, hand shovelling and wagon haul. 

Table 212 shows the cost of steam-shovel rough grading including 
excavation, haul, placing, and compacting. This job was not 
particularly well handled and is somewhat more costly than well- 
managed work. 
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Table 212 . —Steam-shovel Excavation—Clay Soil (Heavy Cut) 
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Fine Grading for Pavement. —Geneva-Dresden Road, New York 
State, season of 1925. 

Average daily output.220 sq. yd. of fine grading. 

Labor cost per day (7 men), $28.125 per square yard. 

Common labor wage.$0.40 per hour. 

Rock Excavation. —Rock excavation is so variable in cost that 
no effort is made in the book to attempt to cover this item. 
Readers are referred to “Rock Excavation” by Gillette, Myron 
C. Clark Publishing Company and other excellent books for detail 
data on rock excavation costs. 

Cost of Unloading Broken Stone. —For making estimates of the 
quantity of stone required the following data on imported limestone 
used on Road 5021 will be useful. The approximate sizes and 
actual weights of stone on this work were as follows: 

No. I screenings, screen. 2,550 lb. per loose cubic yard 

No. I. A dustless screenings, 

screen with dust jacket. 2,350 lb. per loose cubic yard 

No. 2, 1 screen. 2,470 lb. per loose cubic yard 

No. 3, 2^" screen. 2,3501b. per loose cubic yard 

No. 4, 3^2'^ screen. 2,420 lb. per loose cubic yard 

For purposes of estimating the cost of handling imported crushed 
limestone, the following weights for a cubic yard, based on railroad 
weights, will be used: No. i, 2,000 lb.; No. lA, 2,400 lb.; No. 2, 
2,500 lb.; No. 3, 2,400 lb.; No. 4, 2,400 lb. 

Unloading Cars by Hand. —On Road 5021, \N'ith the author as 
engineer, a number of short-time (lo-hr.) estimates made the cost 
of unloading per ton 12 to 13.5 cts.; and the cost per cubic yard 
14 to 16 cts. This work was in iqio, and labor cost 17.5 cts. p>er 
hour. The shoveling was done from a steel platform, where it was 
dumped from hopper-bottom cars. When shoveled from inside 
the cars the cost may run as high as 20 cts. per cubic yard. The 
cost of shoveling is usually estimated at 15 cts. per cubic yard. 

The time of loading i cu. yd. wagons by hand shoveling will 
range from 8 to 12 min. 

Unloading Cars with Continuous Bucket Conveyor Elevator 
Plant. —Where there is a large quantity of stone to be unloaded 
and it is not possible to install an elevator plant on the existing 
track, it often pays to put in a switch. Six-car switches can be 
usually built for about $300. Where there are competing rail¬ 
roads no charge is usually made. 

The following data arc from Road 5046, season of 1910, with 
labor at 17.5 cts. per hour. The plant consisted of an ordinary 
continuous bucket conveyor operated by a 6-hp. gasoline engine; 
the bin had a capacity of 100 tons. 

The average fuel consumption was 5 gal. of gasoline per day. 
Cost of fuel and oil averaged $i per day. 

The average force at the elevator was one foreman and three 
helpers. 
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A total of 4,670 tons, or 3,890 cu. yd., was unloaded at 8.4 cts. 
per ton, or 10. i cts. per cubic yard. 

The cost was divided as follows: 


Setting up elevator at Scottsville. $ 60.00 

Setting up elevator at Mumford. 40.00 

Setting up elevator at Wheatland. 75 00 

Labor of operation. 194.00 

Gasoline and oil. 25.00 

Total. $394.00 


This method of unloading is not only cheaper than hand methods 
but also cheapens the cost of hauling, as no time is lost in loading 
the wagons. The time of loading a cu. yd. wagon from bins 
ranges from 45 to 55 sec. There is also a saving in car demur¬ 
rage if the bin holds two or three carloads. 

Elevator unloading saves about 4 cts. per cubic yard on team 
time and about 5 cts. on the unloading, making a total saving per 
cubic yard of about 9 cts. It usually costs about $150 to ship the 
plant and install it the first time, so elevator unloading is not 
adopted unless there are, at least, 2,000 cu. yd. of stone handled. 

Unloading Cars from Coal Trestle.—I'hese data are taken from 
the Scottsville road repair work, Harold Spelman, engineer, season 
of 1910; labor at 20 cts. per hour; average force, two or three men. 
A total of 4,400 tons was unloaded. The cost divided as follows: 


Rent of trestle. $125.00 

Labor. 232.00 

Total. $357-00 

Cost per ton. 0.081 

Cost per cubic yard. o. 098 


Unloading from Canal Boats. —The f)lant used consisted of a 
portable bin and a horse-operated derrick; Road 5014; James 
Anderson, contractor. The average amount of stone unloaded 
per day was 150 tons. The cost was 11.5 cts. per ton, or 14 cts. 
per cubic yard, divided as follows: 

I team and driver. $4.00 (lo-hr. day) 

I foreman. 2.50 (lo-hr. day) 

6 laborers, at $1.75 per day... . 10.50 (lo-hr. day) 

Total. $17.00 (lo-hr. day) 

Unloading Stone and Sand from Cars to Bin. —Clamshell crane, 
Erie Type B. 10,000 tons stone and 6,000 tons sand unloaded in 
SO working days. Average 320 tons per day. 

Equipment, Erie clam Type B. 

Force: 

I operator at 81 cts. per hour. $ 8.10 

1 foreman at 45 cts. per hour. 4.50 

2 men in cars at 40 cts. per hour. 8.00 

Fuel and oil approxirngte. 5.00 

$25.60 
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Approximate cost per ton 8 cts. exclusive of overhead and 
equipment charge. 

Unloading Sand. —Hand shovelling from cars to trucks, Road i88, 
New York State, season of 1926, Geo. B. Gregg, cost inspector. 
Average 47 man-hours per car of 60 tons. 600 tons unloaded at a 
cost of 40.7 cts. per ton, exclusive of overhead. 

Unloading Stone from Cars. —Hand shovelling to trucks. Road 
188, New York State, season of 1926. Average 58 man hours per 
car of 60 tons; 720 tons unloaded at cost of 48.5 cts. per ton, exclu¬ 
sive of overhead. 

Unloading Cement by Hand from Cars to Trucks. —On the 
Geneva-Drcsclen Road, New York State, 1926, with a common 
labor rate of 40 cts. per hour, 20,000 bbl. were unloaded at 6 cts. 
per barrel, exclusive of overhead. 

On the Road 1639, New York State, season of 1922, with a 
common labor rate of 50 cts. per hour, 11,000 lb. were unloaded at 
5.3 cts. per barrel, exclusive of overhead. 

Cost of Loading Local Fence Stone into Wagons.—Road 5046, 
W. G. Ilarger, engineer, season of 1911, 

Labor 17.5 cts. per hour. 

2,200 cu. yd., boulders loaded at a cost of 14 cts. per cu. yd. 

A gang of six men will take from 9 to 13 min. in loading 
cu. yd., depending upon the size of the stone. 

Road 495, E. E. Kidder, engineer, season of 1911, 

Labor 1,75 cts, per hour, 

1080 cu. yd,, boulders loaded at a cost of 18.4 cts. per cu. yd. 

Road No. 492, E. E. Kidder, Engineer, season of 1911, 

Labor 17.5 cts. per hour, 300 cu. yd., loaded at 13.7 cts. per cu. yd. 

Cost of Loading Filler at Pit. —On the Clover Street Road, Section 
I, during the season of 1908, with the author as engineer and labor 
at 15 cts. i)cr hour, 400 cu. yd. of sand filler were loaded at a cost of 
12 cts. per cu, yd. On the Scottsville-Mumford Road, with labor 
17.5 cts. per hour, 200 cu. yd. were loaded at a cost of 13 cts. per 
cu. yd. 

Unloading Steel Beams. —On Road 188, New York State, season of 
1926, with labor at 60 cts. per hour. 66,000 lb. of 30" Bethlehem 
girder I-beams, 8 beams, 48' long each were unloaded from cars to 
trucks by hand methods (jacks and bars). 

g6 man hours . $57 60 

=*1.75 per ton 
«0.0009 per pound 

Loading Plank. —^Loading trucks from piles or cars, 2 men, 100 
planks per hour, is average speed. 


TEAM HAULING 

Cost of Hauling Broken Stone.—Table 213 shows the cost of 
hauling stone on ^d roads as for repair work. The wagons 
were loaded from bins, so no time was lost in loading. 
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Table 213.—Haul op Stove on Good Roads for Repair Work 


Road 

No. 

Engineer in Charge 

Price per 
Hour of 
Teams 

Length 
of Haul, 
Miles* 

Cost 

per Ton, 
Mile 

Cost 

per Yard, 
Mile 

I 

Harold Spelman . . . 

$0.50 

1.8 

$0.20 

$0.24 

I 

Harold S^MjIman . 

0.50 

1.2 

0.24 

0.288 

2 

G. G. Miller. 

0.62 

2.0 

0.20 

0.24 

2 

G. G. Miller ... 

0.62 

1-7 

0.215 

0.26 

2 

G. G. Miller ... 

0.62 

1.1 

0.23 

0.275 

' 2 

G. G. Miller .... 

0.62 

0.6 

0.25 

0.30 

! 2 

G. G. MiUer . . . 

0.62 

0.2 

0.50 

0.60 

3 

G. G. Miller. 

0.62 

3-0 

0.17 

0.205 

3 

1 G. G. Miller .... 

0.62 

2.75 

0.175 

0.21 

3 

1 G. G. Miller .... 

O.O2 

2.5 

0.175 

0.21 

3 

G. G. Miller. 

0.62 

2.0 

0.19 

0.23 

3 

1 G. G. Miller. 

i 0.62 

1-75 

0.215 

0.26 

3 

1 G. G. Miller. 

0.62 

1-5 i 

0.23 

0.28 


* This length of haul is the loaded length, complete round trip is twice this 
ength cost is figured for length of loaded haul. 


Road I, lo-hr. day. 

Roads 2 and 3, 8 hr. per day. 

Note.—C ost per ton mile on Roads 2 and 3 equals the cost per 
yard mile, for teams at 50 cts. per hour. 

For hauling on bad roads for new construction, I have the follow¬ 
ing personal data: 

Clover Street Road, Section i, season iqo.H; teams at 45 cts. per 
hour; dump wagons loaded from bins; no time lost. 

6,000 cu. yd., 0.6-mile haul cost 26 cts. per ton, or 31 cts. per yard 
mile. 

4,500 cu. yd., 0.6-mile haul, cost 24 cts. per ton, or 29 cts. per cubic 
yard mile. 

Scottsville-Mumford Road, season of 1911; teams, 45 cts. per 
hour. 300 cu. yd., i-mile haul (including a 5% sandy hill 1,200' 
long) cost 30 cts. per yard mile. 

500 cu. yd., 0.5-milc haul (level road in bad condition) cost 30 cts. 

g ;r yard-mile. 

auling Field Stone and Filler. —This material was hauled from 
fields and pits where it was loaded by hand. Considerable time was 
thus lost. 

On the Clover Street Road, Section i, season of 1908, with the 
author as engineer, and teams at 45 cts. per hour, 10,000 cu. yd. of 
field stone were hauled an average of i mile for 36 cts. per yard mile. 

On the Scottsville-Mumford Road, season of 1911, with the 
author as engineer, and teams at 45 cts. per hour, 500 yd. of field 
stone were hauled 0.2 mile at 14 cts. per cu. yd., or 70 cts. per yard 
mile. On the same work 200 cu. yd. of filler were hauled 0.2 mile 
for 15 cts. per cubic yard, or 75 cts. per yard mile. 

For all short hauls under M mile the cost is high and practically 
the same on account of the larger percentage of time lost in loading. 
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“Truck Hauling, 5 Ton Trucks.*— The daily mileage averaged 
40.5 miles. The figures given are the average from over 100 trucks 
and are based on 1919 prices. They ran on an average 265 days 
of the year. 

For some reason not stated the item of taxes has been left out. 


Relative Importance of Operating Cost Items 



Two of the largest items of cost, as shown above, are depreciation 
and drivers’ wages; yet many one-truck operators establish their 
hauling rates without considering these items at all. It is little 
wonder that many of them fail in business even before their trucks 
are fully paid for. 

The fixed charges in this table total about 38%. With this fact 
in mind the loss due to idle time can readily be visualized. Fixed 
charges continue whether the truck is operating or not, and the 
truck operating the most time will render greatest returns, other 
conditions being equal. 

“Analysis of Factors Governing Motor Truck Operating Costs.— 

There are four principal methods by which truck operating costs 
arc figured, namely, cost per mile, cost per day, cost per unit (ton, 
box, bag, gallon, bale, or other similar units) and cost per unit 
mile (ton mile, gallon mile, etc.). A great deal of confusion has 
resulted in the past through comparison of operating costs without 
considering the variable factors which increase or decrease costs 
on these various bases. 

The following table shows how these four items vary through an 
increase in the factors listed in the first column. It is assumed, 
of course that operating conditions arc equal. 


T/VBle.—Variation of Cost Items 


Variable factors 

Cost per 
mile 

Cost per 
day 

Cost per 
unit 

Cost per 
unit mile 

IncreaM in daily mileage. 
Increase in truck capacity 

Decrease 

Increase 

Increase 

Increase 

Increase 

Decrea.se 

Decrease 

Decrease 


♦ From Engineering Contracting. 
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In discussing these four cost bases it must be remembered that 
the daily fixed costs are constant regardless of mileage, while the 
daily variable costs increase with an increase in mileage. 

“Cost per Mile.—The “cost per mile” varies with the miles 
operated per day. Obviously this cost will decrease as the mileage 
increases. The variable costs per mile should be practically the 
same whether the truck travels 10 or 50 miles in a day. But 
the fixed costs will be divided among a greater number of miles in 
the latter case, thereby reducing the total “cost per mile” under 
what it would be if only 10 miles were traveled. A 5-ton truck 
operating 50 miles per day may have a smaller “cost per mile” 
than a 3-ton truck operating only 10 miles per day. However, 
an increase in truck capacity on the same daily mileage would 
naturally increase the “cost per mile.” 

“Cost per Day.—The “cost per day” will vary with the miles 
operated per day. It is quite evident that this daily cost will 
increase as the daily mileage increases. To the daily fixed charges 
must be added the daily variable charges which of course increase 
with the mileage, thereby increasing the “cost per day.” 

In comparing operating costs of dilTercnt-si/.ed trucks on the 
“cost per day basis” it is essential that the daily mileage of each 
truck be known. It can readily be seen that a 5-ton truck operat¬ 
ing only 10 miles per day should have a lower “cost per day” than 
a 3-ton truck operating 50 miles daily under similar conditions. 

The “cost per day” is affected also by the total number of days 
in the year that the truck is in actual operation. It is commonly 
assumed that a truck will operate 300 days a year, neglecting Sun¬ 
days and holidays. In most cases this is much too high. Due 
to such factors as weather conditions, accidents, strikes, variation 
in business demands, etc., this assumed total of 300 working days 
is frequently cut to 200 or less. 

Assuming yearly fixed charges of $1800 on a 300-day basis would 
give a daily fixed charge of S6. But if the truck operates only 200 
days out of the year, the fixed charges will be I9 per day. This 
increase will be reflected in the “cost per mile.” 

“Cost per Unit.—Where mileage records are not kept, truck 
operators must be content with operating cost on the “cost per 
unit” basis. The unit will vary with the kind of hauling involved. 
This unit may be tons, gallons, boxes, head of livestock, etc. 

The “cost per unit” will increase as the average haul mileage 
increases. It is obvious that a ton hauled 10 miles will cost more 
than a ton hauled i mile under the same conditions. There 
is very little difference in the fixed costs for each of the sizes of 
heavy trucks and since the variable costs on the various sizes do 
not increase in direct ratio with increase in size, the “cost per unit” 
will vary with the truck capacity. The daily “cost per unit” will 
decrease with an increase in truck capacity and will increase as 
the average haul mileage is increased. 

“Cost per Unit Mile. —As a means of comparing operating costs 
of different trucks, there is probably no better basis than that of the 
“cost per unit mile.” This is commonly worked out on the ton- 
mile basis. It involves a record of units hauled and mileage 
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covered. Costs by this method will vary with the truck capacity 
and the daily mileage. This “unit-mile cost” will decrease both 
with an increase in truck capacity and with an increase in daily 
mileage. A 5-ton truck loaded to capacity will give a lower 
“unit-mile cost” when operating 40 miles daily than when operat¬ 
ing only 20 miles daily. Likewise, a 5-ton truck loaded to capacity 
and operating 20 miles daily should give a lower “unit-mile cost” 
than a 3-ton truck with capacity load covering the same mileage. 
Large truck capacity and high daily mileage tend to produce lower 
costs per unit mile. 

Apparently there is a great variation in the methods used in 
arriving at the “unit-mile” or, as it is commonly figured, the 
“ton-mile” cost. This involves not only a record of total tonnage 
and total mileage, but also a record of the number of trips. 

During the war one of our large motor truck companies sent out 
a circular letter on operating costs to their sales representatives in 
which instructions were given to figure total cost per ton mile by 
dividing total cost per day by the number of miles driven times 
the number of tons carried. This apparently is the method fre¬ 
quently employed, but it leads to serious inaccuracies as can easily 
be illustrated. 

Assume that a truck starts from point A and during the day 
makes stops at points /?, C, D, and E respectively, covering dis¬ 
tances and carrying loads as follows: 


Table.—Trip-mile-ton Table 


Trip 

Miles 

Tons 

A—B. 

10 

4 

B—C. 

5 

I 

C~D. 

5 

2 

D—K . 

10 

3 

Totals 4. . 

30 

10 


By the method outlined in the sales letter the ton miles would be 
30 X 10 = 300. .Actually the ton-miles would be: 


30 X 10 = 300. .Actually the ton-miles would be: 

Table 

Trip 1. 10 X 4 ~ 40 ton-miles 

Trip 2. 5X1= 5 ton-miles 

Trip 3. 5X2 = 10 ton-miles 

Trip 4. 10 X 3 = 30 ton-miles 

Total. 85 ton-miles 


The first method is correct for a truck making one trip per day 
with one load, but is entirely wrong in the case of a trucK making 
many trips daily with varying loads. In the latter case, if ton- 
mile costs arc desired, it will be necessary to keep accurate records 
of mileage and loads between each stop where the load is changed. 
However, in this t)^e of trucking the cost per mile or cost per day 
is usually more satisfactory. 
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When a truck is running on a regular route making a trip out 
to a certain point with a given load and back to the starting point 
with the same or a different load, the ton miles can be computed by 
multiplying the total mileage by the total load carried and dividing 
by twice the number of round trips. Suppose a truck travels from 
to a distance of lo miles, and returns with the follov^dng loads: 


Ta 3 le.—Round Trip Lo.adi.ng Table 


1 

Round trip j 

1 

Load out j 

Load in 

I. 

1 

5 tons 

I ton 

2 . 

2 tons 

tons 

3 . 

4 tons 

0 ton 

4 . 

I ton 

5 tons 

Totals 4 round trips. 

; 1 

I 2 tons j 

9 tons 


The total mileage is 8o and the total load is 21 tons. Then by 
the formula as given the ton miles 

80 X 21 

= 210. 

2X4 

Figured on the basis of the individual trips, the result is the same. 
From the foregoing it can readily be seen that the basis of ton- 
mile costs must be correct before dependable comparisons can be 
made. 

Hauling Batched Concrete.—Geneva-Dresden Road, sea,son of 

1925. 15 Ford trucks, carrying i batch (21 cu. ft.) quick bin 
loading. Average haul bin to mi.xer 1.5 miles. Average 20 trips 
per day per truck or 30 miles loaded 60 miles total. 

Initial cost of trucks.S360 

Value at end of season... . . . $150 + 

Drivers’ wages.40 cts. per hour 

Liability on trucks. $40 per season per truck 

Note. —With longer hauls each truck travels about 100 miles 
per day (50 miles loaded). 

Haulii^ Sand and Stone.—Road 188, New York State, season of 

1926. 3}^-ion trucks loaded by hand shoveling from cars. 3}^- 
mile haul from cars to job Rent of trucks S30 per lo-hr. day. 

750 tons of crushed stone hauled for I649, 


Average. 24. cts. per ton mile 

Average time of trip 60 rain. 

600 tons of sand hauled for $410.55 

Average. 20.5 cts. per ton mile 

Average time of trip 50 min. 
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Cost of Spreading Stone, Sand, and Screenings. —The following 
costs are for hand-shoveling methods. By the use of so-called man¬ 
ger spreaders in conjunction with truck hauling, the cost of spread¬ 
ing crushed stone for macadam construction can be reduced 50% 
from hand-shoveling and raking methods. 


COST OF SPREADING STONE AND BINDER 

Table 214, page 1167, gives the cost of spreading broken stone on 
several New York State roads. 

7 'he ratio of the loose to the rolled depths varies with the size of 
the fragments and the depth of the course. Table 215, page 1168, 
gives the averages of the results obtained from 1000 test holes made 
by the writer on three separate roads. The last column of the table 
also gives the weights of No. 3' and 4^ stone refpiired to make a 
cubic yard of rolled macadam. The amount of liller or binder per 
cubic yard of rolled macadam is given in Table 216, page 1168. 

The excessive amount of filler required for the 2-inch bituminous 
macadam, Table 216, was due to a layer of screenings placed under 
the No. 3 stone, all of which did not act as a filer. The small 
amount required for the 3-inch bituminous macadam was due to 
the fact that the bituminous binder partially tilled the voids before 
the screenings were applied. 

The ratio of loose to rolled depth for boulder subbasc is variable. 

If the size of boulders is jiractically the same as the depth of the 
course, that is, if there is only one layer of stone, the loose depth 
and the rolled depth will be the same. W here there arc two or 
three layers of boulders the ratio is, approximately, i: 1.25, t.c., a 
12-inch, rolled depth would require 15-inch loose depth for boulders 
averaging 5 to 6 inches in diameter. 


Table 214.—Spreading Stone 


Rtfrr- 

ence 

No. 

Engineer 

Labor 

Wage 

Depth of 
Loose 
bprcatl 

Amount 

Spread 

Cost 
per Ton 

per Cu. 
Yd. 

I 

Harold Spclnmn 

$0.20 

4 in. 

7000 tons 

$0,066 

$0.08 

2 

W. G. Hargcr .... 

0.175 

si in. 

6000 cu. yds. 

0.0s 

0.06 

2 

W. G. Hargcr , . 

0.175 

4 i.i. 

4500 “ 

0.07 

0.083 

3 

W. G. Hargcr . . 

0.20 

6 “ 

1000 “ “ 

— 

0.0s 



Placing 

sub-base ston 

e 



3 

W. G. Harger. 

0.17s 

7 in. 

100 “ “ 

_ 

O.IO 

3 

W. G. Hargcr. 

0.175 

10 “ gravel 

200 “ “ 

— 

0.04 

4 

£. E. Kidder. 

0.175 

6 “ 

267 “ “ 

— 

0.07 

»5 j 

E. E. Kidder. 

1 

0.175 

6 “ 

xo8a " “ 

““ 

0.13 


^ Sub-baae bottom course. The cost includes sledging of all large stone. 








ii68 


COST DATA 


Table 215.—Ratio of Loose to Rolled Depth 


Size of Stone 

Rolled Depth 

Loose Depth 

Ratio 

Weight per 
Cubic Yard 
Rolled Measure* 

No. 4. 

4 in. 

S-2 in- 

1-3 

3120 lbs. 

No. 4. 

3 " 

3-8 “ 

1.27 

3030 “ 

No. 3. 

3 “ 

3-9 “ 

'•3 

3120 “ 

No. 3. 

2 “ 

2.4 “ 

1.2 

2880 “ 


* Weight of cubic yard Goosemeasure) 2400 lb. 


Table 216.—Amount of Filler and Binder Required 


Kind of Course 

Kind of Filler 

.\mount of Filler 
per Cu. Vd. of 
Rolled Macadam 

Weight of 
Screenings per 
Cu.Yd. ^ RoU- 
ed Macadam 

Bottom stone . 

Waterbound top*... 
3-in. Bit. mac, top*. 
2-in. Bit, mac. top*. 
Sub-base . 

1 

Sand 

No, I j 

Nos. IA and 2 * 
No. i.'\ 

Gravel 

0.35 cu. yds. 

0.50 “ “ 

0.37 “ " 

0.60 “ “ 

0.33 “ “ 

1300 lbs. 
900 ** 
1440 


* Weight of cubic yard (loose measure) 2400 lb. Filler for top course in¬ 
dudes wearing coat. 


Cost of Spreading Filler by Hand from Piles Spaced 20' to 30 
Apart. —^On the Clover Street Road, Section i, during the season of 
1908, with labor at .15 cts. per hour, 400 cu. yd. of sand filler were 
spread at a cost of .10 cts. per cu. yd. On the Scottsville-Mumford 
Road, with labor at 17.5 cts. per hour, the cost of spreading 200 cu. 
yd. was 20 cts. per cubic yard. This includes some hand brooming, 
but most of the brooming was done by a broom attachment on the 
roller. 

Cost of Spreading No. lA and No. 2 Stone for Bituminous Mac¬ 
adam Top Courses and Brooming Same. —A layer of No. lA, 
deep, was spread over the bottom course. On this was spread 2 
of No. 3 stone. After rolling, bitumen was poured over this course 
and a layer of No. 2 stone spread and rolled; the excess of No. 2 
was broomed ofif and a wearing coat of No. lA placed. 

The cost of spreading for a 2" top was as follows: 

Cost' of No. IA and No. 2 per cubic yard. $0.282 

Cost* per ton of No. lA and No. 2. o. 210 

Eight hundred tons of this material was handled with labor cost¬ 
ing 17.5 cts. per hour. 

* No. lA are dustless screening*. 

• No. 2 is H'' to iH'' 
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For a 3" top course the procedure was the same, omitting the 
layer of No. lA under the No. 3 stone. The cost of handling 400 
tons for the 3" course was as follows: 

Cost per cubic yard of No. lA and No. 2. 0.31 

Cost per ton of No. lA and No. 2. 0.26 

Cost of Spreading Screenings with Cross-dump Wagons.—Wet 

dust screenings for water-bound macadam cannot be successfully 
spread in this manner. For spreading dry dust screenings, No. 
2 stone or dustlcss screenings for bituminous macadam, this method 
has proved the cheapest and most satisfactory. On Road 5046, 
season of 1910, a number of short-time estimates made the cost 
of spreading by this method about 6 cts. per cubic yard. The cost 
of brooming is slightly increased over that required by the hand¬ 
spreading method, but not enough to counteract the advantage in 
tne use of the wagon spreading. On the Clover Street Road, season 
of igo8, r,ooo cu. yd. of screenings were thus spread for about 7 cts. 
per cubic yard. 


SPREADING BITUMINOUS BINDER AND SURFACE COATS 

Hand Methods.—The following data are taken from Road 5021, 
season of 1910. Bituminous macadam, penetration method: 


Labor. 

Kettleman .$0 .20 per hour 

Spreaders. 0.20 per hour 

Plain labor. 0.175 per hour 

Teams. 0.45 per hour 

Apparalus. 

4-bbl. kettle (coal burner). Bitumen heated 

2-bbl. kettle (wood burner). to 40o°F. 

12-ton Kelly roller. 


Spreading pots having a vertical slot Jg" wide. 
Organization. 

Rollerman acting as foreman 
I spreader 
I kettleman 
3 laborers 

Average speed 350' of 16' road, per day. 

QtiantUies. 

16,850 gal. laid in one coat covered 13,330 sq. yd., or 1.26 gal. 


per sq. yd. 

Cost per gallon Unloading and hauling mile. $0.0015 

Heating. 0.0032 

Spreading. 0.0032 

Rolling and supervision. o. 0051 


Total. $0.0130 

Bituminous material f.o.b. Caledonia. 0.0950 

Total per gallon. $0.1080 
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Second quantity. 

Forty-two thousand gallons covered 24,000 sq. yd. in one coat, 
an average of 1.75 gal. per square Vcird. 


Cost per gallon Unloading and hauling 1^4 miles.. .. $0.0032 

Heating. ... 0.0040 

Spreading. 0.0039 

Rolling and supervision. 0.0042 

Total.... ^ . $0.0153 

Bituminous material f.o.b. Caledonia. . . . 0.0950 


Total per gallon. $0.1103 


Cost of Applying Bituminous Binder. Road 5046, Penetration 
Method. 

18,890 gal. spread on 12,378 sq. yd. in one coat, of 1.52 gal. 
per sq. yd. 

A pparatus. 

5 2-bbl. kettles (wood burners). Fuel. Used barrel staves 
and some e.xtra wood. 

I lo-ton Buffalo Pitts Roller. 

Spreading hods. 

Organization, 

Per Hour 


1 foreman. .$0 30 

2 pourers, each. . 0.25 

5 kettlemen, each. .o 20 

2 spreaders of No. 2, each 0.20 

4 helpers, each.. 0.175 

Labor of Placing. Cost jmt gallon. 

Fuel. $0 001 

Kettlemen. o 005 

Pouring.... . 0 003 

Helpers... o 007 

Supervision o 002 

Total $0,018 

Material f.o.b. Scottsvillc o 093 


Total j)er gallon. So. iii 


Mechanical Application.—Barrett Company is doing this work 
(1925 in western New York) for 4 cts. per gallon for cold tar work 
and ^ cts. per gallon for binder grade (hot tar). This price includes 
hauling up to a maximum 50-mile limit and the price is i^obably 
based on an average 20- to 25-miIe haul (plant to job). The cost 
of hauling is approximately 2 cts. per gallon which makes the cost 
of applying from 2 to 3 cts. per gallon. 
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ROLLING AND PUDDLING 
COST OF ROLLING 

In the following costs lubricating oil is not included, as no 
reliable data were obtained as to the quantity used. Gillette’s 
“Handbook of Cost Data” gives this item as 30 cts. per day; 
using this amount would increase the costs given below from 0.2 to 
0.3 ct. per cubic yard. The amount of coal used was variously 
estimated at from 450 to 500 lb. per day. As before mentioned, 
items of depreciation, repairs of plant and equipment, and interest 
are not included in the cost per cubic yard of stone consolidated. 

On Road 5025, under E. E. Kidder, engineer, during the season 
of 1910, the cost of rolling 3,400 cu. yd. of bottom stone and 1,700 
cu. } d. of top stone, loose measure, W’as as follows: 


Rollcrman, 4 months, at $90.$360 

Coal, }i ton per day, at $2.70 per ton, 80 days 

$415 

The time and cost were divided as follows: 

on subgradc.$ 69 

3-3 on bottom stone 4” deep.138 

3^2 on bituminous top stone, 2" deep. 208 


'I hcre was no cost for water. The roller worked 80 days in 4 
months. I'he cost of rolling per cubic yard of loose material 
was: bottom stone, 4 cts., and top (bituminous macadam) 12 cts. 

On Road 492, E. E. Kidder, engineer, season of 1910, the cost 
of rolling 3,700 cu. yd. of 4” bottom course was 3 cts. per cubic yard, 
and for 3,200 cu. yd. of water-bound top stone 5 cts. per cubic yard. 
Both quantities refer to loose measure. The roller worked 74 
days in 3 months. The puddling was done by a pipe line and hose 
and brooms attached to the roller. The rollerman’s wages were 
$90 per month and coal S2.75 i)er ton. 

On Road 5021 the cost of rolling a 3” bituminous top course 
per cubic yard of loose material was 9 cts.; for a 2” top ii cts. 

On Road 5046 a roller working iii days consolidated 1,850 
cu. yd. of field stone subbase, 4,300 cu yd. of bottom stone, and 
2,150 cu. yd. of top stone, loose measure. The depth of the sub¬ 
base was 6” (rollcci measure), the bottom course 4”, and the top 
course bituminous macadam. The rollerman’s wages 

were $90 per month and coal cost $2.75 per ton for }i ton per day. 
There was no cost for water. The costs were divided as follows: 
subbase, 3.5 cts.; bottom stone, 4.5 cts.; top stone, 10.5 cts. per cu. 
yd., loose measure. 

FUDDLING WATER-BOUND ROADS 

There are two methods of puddling: first, by pipe lino and hose; 
second, by sprinkling carts. 

In the first method a or 2" pipe is laid along the road with 
taps every 200 to 300'. The road is wet down by a hose fastened 
to these taps and sprayed on by a nozzle, or the hose is fastened 
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to a sprinkling attachment on the roller, which throws the water 
directly onto the wheels; this method is cheaper and more satis¬ 
factory than using sprinkling carts, but to work well a pressure of 
125 lb. should be maintained at the pump, which requires a better 

S ing apparatus than contractors usually have. A very 
ictory plant, used near Rochester, N. Y., consisted of a 
Gould Triplex Pump, operated by a b-hp. gasoline engine; the relief 
valve at the pump was set at 120 lb. 

The cost of such puddling on Road 492 for 3,000 cu. yd. of top 
course was 5 cts. per cu. yd.; on Road 294 for 4,000 cu. yd. of top 
course it was 6 cts. This cost includes pumping, helper tending 
hose, and rollerman. Brooms on the roller were used which 
materially reduced the cost of brooming the screenings. No 
charge for water, no allowance made for laying the pipe line; 
this last charge is included in the lump-sum item of installing plant 
for a water-bound road, page 1261. 

Gillette, in his handbook, gives sprinkling by carts approxi¬ 
mately 10 cts. per cu. yd. of top course, which includes sprinkling 
the subgrade as well as puddling the top course. As the subgrade 
is rarely sprinkled, his data reduced to the conditions cited on 
Roads 492 and 294 would give approximately 6 cts. per cubic yard 
of top course. To this is added the cost of rolling, or about 4 
cts. which makes the cost of puddling by this method about 10 to 
12 cts., or about twice the amount of the first method. 

E, A. Bonney, on the Hamburg-Buflalo Road, from a metered 
supply of water, states the amount required to first puddle a 3" 
top course varies from 50 to 55 gal. per cubic yard of top course, 
and the amount needed for the second puddle will be considerably 
less. 

H. P. Gillette states, in a monograph on the Economics of 
Road Construction, that 30 gal. of water per cubic yard will puddle 
a road. E. E. Kidder states that approximately 80 gal. are required 
per cubic yard of top course for two puddles. The author’s experi¬ 
ence agrees with the larger quantities. 

COST OF CRUSHING STONE 

As a basis for all cost estimates for crushing, it is necessary to 
crusher know something of the percentage of the different sizes of the 
output. Tables 218 and 219, pages 1179 and 1181, give typical 
data on size output. Table 217, page 1173, gives the results of testa 
made by Archer White during the season of 1910 on ordinary lime¬ 
stone and sandstone boulders composing the average field stone. 
The crusher used was the largest Acme portable crusher. The tail¬ 
ings were recrushed and the stone divided into four grades: No. i, 
screen; No. 2, iH"; No. 3, 2)^", and No.4,3H • From these 
data it may be seen that i cu. yd. of field stone makes i cu. yd. of 
cru^ed stone, and that it takes approximately 1.8 cu. yd. of field 
stone to make 1 cu. yd. rolled measure of sizes Nos. 3 and 4. The 
crusher toggle was set to produce both top and bottom stone sizes. 

The cost of labor was 20 cts. per hour. The engineman of the 
crusher plant received 25 cts. per hour and the foreman 30 cts. per 
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hour. The field stone was loaded from a pile near the crusher into 
small dump cars running on a movable track. The loaded cars 
were drawn to the crusher by a small hoisting engine. The cost of 
bringing the field stone to the crusher pile is not included. The 
force loading consisted of one foreman, eleven laborers, and one 
engineman. The force crushing consisted of one foreman, four 
laborers, and one engineman. In 8 days 1,500 cu. yd. were crushed. 
The cost of the entire output per cubic yard of loose measure was 
divided as follows: 


Loading stone for crusher. So 133 

Hauling to crusher. o 013 

Feeding to crusher.... . o 061 

Engineer to crusher. o 013 

Fuel and oil. .0 030 

Loading crushed stone from bins. . . o 010 

Total.$0,260 


Crushing Granite Hardheads and Sandstone.—The following 
data are from the records of the Clover Street Road, Section i,sea¬ 
son of igo8. Labor cost 15 cts. per hour and the engineman 
received S3 per day. The crusher used was a 10'' X 20" Climax, 
A total of 5,000 cu. yd. of granite were crushed at a cost per cubic 
yard, loose measure, of 19 cts.; 7,000 cu. yd. of sandstone boulders 
were crushed at a cost of 10.3 cts. per cu. yd., loose measure. These 
figures arc for the total output of the crusher and include the cost 
of feeding to the cnisher, the pay of the engineman, coal, oil, but 
not the delivery to the crusher. On the Scottsvillc-Mumford Road 
under similar conditions the cost varied from 13 cts. for granite and 
sandstone to 19 cts. for granite hardheads per cubic yard of loose 
measure. 

Crusher force on the Clover Street and Scottsville-Mumford roads 
as follows: 


I foreman. . $4.00 

5 men feeding crusher. 2 00 each 

I man tending screen. 2.00 

I engineer. 3 00 

Fuel and oil. 4.00 


Where bottom stone alone is being crushed from local material 
the crusher is set to produce a larger amount of No. 4 stone, and 
the proportion of the screenings to the No. 3 and No. 4 sizes is 
different than given in Table 217. 

In the following data from Road 5046, Scottsville-Mumford, 
mentioned above, the No. 3 and No. 4 and tailings were used as the 
bottom course stone, the tailings being broken into proper sizes 
after the stone was spread by knapping hammers. The cost of 
knapping will vary from i to 3 cts. per cubic yard of loose bottom 
stone, depending on tha number of tailings produced. When the 
crusher is set correctly to deliver a good grade of stone for bottom 
course, this charge should not amount to over i ct. per cubic yard 
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of total output and is properly chargeable against crushing, which 
increases the crushing costs given above from 13 to 14 cts. and from 
19 to 20 cts. 

The sizes of screens were iJi". and 3H". 

Crusher Set-up, No. i.—60% granite, 30% sandstone, 10% soft 
rock. 

Total screenings, No. i.240 cu. yd. 

Total No. 2. no record 

Total No. 3, 4, and tailings. 1,500 cu. yd. 

Crusher Set-up, No. 2.—50% granite, 40% sandstone, 10% soft 
rock. 

Total screenings. .350 cu. yd. 

Total No. 2.no record 

Total No. 3, 4, and tailings.2,600 cu. yd. 

For this same road the amount of field stone required per loose 
yard of bottom stone is shown by the following figures. Approxi¬ 
mately 1.5-yard loads were drawn to and from crusher. 


Di-itc 

Numlxjr of 

Ficlil Stone t'rus))C(l 

Number I^ds of 
No. 3 and No. 4 and 
Tailings Drawn from 
the Crusher 

I0» I 



.\prii 24. 

“ 25. 

II4 

93 

80 

70 

“ 26. 

«7 

69 

May 5. 

“ 6. 

104 

84 

lOI 

82 

“ S. . , 

106 

8s 

“9. 

00 

78 

“10. 1 

86 

72 

“ 11. 

107 

95 

“ 12 . 

no 

80 

“ 13 . 

102 

83 

Totals. 

1102 loads 
1653 cu.yds. 

891 loads 

^ 1336 cu. yds. 


On this work 1.24 cu. yd. field stone produced i cu. yd. loose 
measure bottom stone, and i.6i cu. yd. field stone produced i cu. 
yd. bottom stone rolled measure. 

Table 217, page 1173, gives 1.8 cu. yd. field stone to i cu. yd. 
rolled macadam, but this apparent difference is explained by the 
fact that the tailings were recrushed and the crusher set closer to 
produce top as well as bottom stone, consequently the per cent of 
No. I and No. 2 is higher than for the data just given. 
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Data obtained by Frank Bristow, First Assistant Engineer, New 
York State Department of Highwa}^, indicates that i cu. yd. of 
field stone produces i.i cu. yd. crushed stone when separated by 
screens of and s^"; this is slightly more than the 

writer’s experience has indicated. 

When local stone is crushed for bottom only, the screenings are 
used as filler for that course, and in a case of this kind it is necessary 
to know how much additional tiller must be estimated. Take the 
case of the Scottsvillc-Mumford Road (crusher set-up No. 2) given 
above. Twenty-six hundred cubic \ ards loose measure will consoli¬ 
date under the roller to approximately 2,000 cu. yd. of rolled bottom 
stone. This will require 2,000 X 0.35 = 700 cu. yd. tiller. The 
amount of screenings produced in crushing 2,600 cu. yd. of bottom 
was 350 cu. yd., showing that for cases similar to the one given, half 
of the total tiller required must be obtained from other sources. 

Cost of Sledging Boulders. —A certain percentage of the fence 
stone must be broken to reduce them to a proper si/e for crushing. 
This is done by blasting or sledging: where the boulders need to be 
broken only two or three times to reduce them to usable sizes, sledg¬ 
ing is the cheaper method. The cost of both of these methods is 
so variable that any cases cited would not be of much value. As 
given on page 1130, under Standard Kstimates, the author allows 
arbitrarily 60 cts. per cu. yd. for all boulders actually sledged or 
blasted, and in making estimates the per cent to be treated in this 
manner is approximated roughly. 

As a matter of interest Clillette, in his cost data on rockwork, 
gives the cost of sledging small sandstone l)oul(lers as approximately 
5 cts. per cu. yd., and the cost of mud capi)ing at about 35 cts. per 
cu. yd. igio scale of costs. 

COST OF CRUSHING (Ci^ntinited) 


The following data are taken from the Report of the Massa¬ 
chusetts Highway Commission and refers to work done in Newton, 
Mass. The crushed stone was divided into the following sizes: 


Tailings. 

205 cu. yd. 

17 - 5 % 

2^2^^ stone. 

692 cu. yd. 

- 57 -o 7 « 

Screenings and i' 

'. 300 cu. vd. 

25.5% 

Totals. 

• • 1,197 

100.0% 

The matenal was cobblestones and labor probably cost 20 cts. 

per hour, teams, 45 cts. 

The cost per cubic yard at the crusher w^as 

44.5 cts., or 33 cts. per ton. 


The cost per cubic yard 

was divided as follows: 


Teaming to crusher.. 

.$0-314. 

. 70.6% 

Feeding to crusher. .. 

. 0033. 

. 7 - 4 % 

Engineer of crusher. . 

. 0.029. 

. 6 . 5 % 

R^airs, coal, oil, etc . 

- 0.045 . 

. 10.1% 

Watchman . 

.... 0.024. 

. S- 4 % 

Total . 

- $ 0-443 

100.0% 
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Material, Conglomerate. 

Amount broken. 1,288 cu. yd. 

Amount broken per hour. 8.9 cu. yd. 

Divided as follows: 

Weight per 
Cubic Yard 
Loose 

Tailings, 378 cu. yd. 29.3%. 2,5491b. 

21 /' stone, 668 cu. yd. 519% . 2,3681b. 

Screenings and i", 242 cu. yd. 18.8%. 2,7271b. 

("ost per cubic yard in bins at crusher. $1,112 

Cost }:>er ton in bins at crusher. 0.885 

Divided as follows: Cost Per Cent 

Powder and repairs. $o.or8 1.6 

Labor drilling. 0 249 22.3 

Sharpening drills and tools. . 0.023 2.1 

Breaking stone for crusher.. . . 0.420 37-8 

Loading stone for crusher. 0.127 11.4 

Hauling stone for crusher. 0.062 5.6 

Feeding crusher. o ©53 4-7 

Engineer for crusher. 0038 3.5 

Coal, oil, and waste. 0.050 4.5 

Moving and setting crusher. o 023 2.1 

Watchman. 0.049 4-4 


Total. $1,112 100.0 

MaieriaL Greenish trap. 

Amount broken.,. 3,155 cu. yd. 

Amount broken per hour .. 7.7 cu. yd. 

Divided as follows: Weight per 

Cubic Yard 
Loose 

Tailings, 1,004 cu, yd.318% 2,4571b. 

2!^^" stone, 1618 cu. yd.5i-3% 2,3831b. 

i" stone, 323 cu. yd.10.2% 2,2771b. 

Screening, 210 cu. yd. 6.7% 2,5851b. 

Cost per cubic yard in bins at crusher. $0,898 

Cost per ton in bins at crusher. o. 745 

Divided as follows: 

Cost Per Cent 

Labor, steam, drilling.$0,092 10.3 

Coal, oil, water, powder, etc. 0.084 9.4 

Sharpening drills and tools. 0.069 7.7 

Breaking stone for crusher. 0,279 31.0 

Loading stone for crusher. o. 098 11. o 

Hauling stone for crusher. 0.072 8.0 

Feeding crusher. 0 053 5.9 

Engineer of crusher. 0.031 3.4 

Coal, oil, waste, and repairs of crusher.... 0.079 8.8 

Other repairs. 0.041 4.5 


Total. $0,898 100.0 
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\V. E. McClintock, engineer, Chelsea, Mass., season 1887: 

Labor.$0.20 per hour 

Teams. ... 0.45 per hour 

Material, Trap rock. 

Amount broken.. .... 1,718 tons 

Stone delivered at crusher by subcontractor for 75 cts. per ton 

Cost. Tools. $0,013 

Oil, waste, etc . . . . 0.016 

Fuel. 0.050 

Stone at crusher o 750 

Crushing (labor). 0 .194 


Total per ton... .. $1,023 


Dustless Screenings. —The construction of bituminous mac¬ 
adams requires a dustless screening product referred to in the 
beginning of the chapter as No. i.V; it is obtained b}' rescreening 
the ordinary screenings product) to remove the dust; the per¬ 
centage of dust in the ordinary screenings will vary according to 
the stone crushed and the setting of the crusher jaws. The author 
has no reliable data for small crushing plants, but through the 
courtesy of the Buffalo Cement Company the following data are 
given for their output of limestone screenings at Buffalo, N. Y. 

Size of screen opening for ordinary screenings .. 

Size of dust screen openings. 3'^" 

Cubic yard of dust for i cu. yd. ordinary screenings. 0.35 

Cubic yard of dustless screening i cu. yd. ordinary screening 0.65 

The same data from the Leroy plant of the (ieneral Crushed Stone 
Compiany give: 

Size of screen openings for ordinary screenings... . to 

Size of dust screen openings. to 

Cubic yard of dust per cubic yard ordinary screenings. 33^^ 

Cubic yard of dustless screenings per cubic yard ordinary 

screenings. 0 7 % 

Percentage of screenings to total output for Leroy limestone 
approximates 15%. 

above furnished to the writer through the courtesy of the 
General Crushed Stone Company, of Easton, Pa. 

QUARRYING AND CRUSHING—SMALL QUARRIES 

Cost Data.—New YorkSUto, season of 1925. Roads 5270 and 5271, Francis 
Carroll, engineer. 

Local Quarry.—^' depth strippina. Soft sandstone (French coefficient 
of wear 7 to 13). Quarry face 8 to 10^ high. 

Total Quantities and Sizes of Output. 

19,000 tons crushed stone to 4}^*' in size. 

7,000 tons screenings passing M'' round screen. 

4.000 tons No. 2 stone (K to size). 

30.000 tons total output. 

Approximate average daily output 300 tons. 

Stone used for macadam bottom course. 
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Qaarrymi; and Delivery to Crusher. Equipment 
Team and slip scrapper for stripping. 

Ingersoll-Rand portable air compressor and 2-drill outfit for drilling. 
Osgood steam shovel for loading to Kopple Cars Champion friction hoist. 


Cost of Quarrying per Day. 

Stripping I man and team. . 

Drilling outfit, rent per day. 

IS gal- gas per day. 

Steam sliovel with runner and fireman (rent) 

Coal and oil. 

Dynamite Co lb. at 20 cts. 

2 drillers at Js . 

2 men breaking big stone at 54.50 

I man operating cars at Is. 

Total . 

Cost of quarrying exclusive of labor overhead . 

Labor ovcrhcail (approximately). 

Cost of stone (quarry rights) . 


I 6.00 
20.00 
3 00 
52.50 
3-50 
12.00 
10.00 
9.00 
5-00 

1120.00 “ 40 ct.s. per ton. 
. |o .40 per ton 
O.OS 
0.06 


Total cost of quarrying. 


Crushing. Equipment. 

No. 6 Champion 12 X 26" (300-ton capacity). 
SO-hp. electric motor (initial cost Isoo). 

15' screen. 4 sections. 
yj' screen 4" long. 

IH'' screen 4' long, 
screen 1' long. 

Tailing belt for stones over 
Bin 24' long, 12' high. iT wide. 

Elevator 39' long, 18 buckets. 

Cost of Crushing per Day. 

Electric power 
2 men on platform 
I man on noist 
I mechanic. . . 
r man tending loading 


lo. s 1 per ton total 

output of crusher 


. Iio.oo 
12.00 
5-00 
7 00 
. 5.00 


I39 00 

Labor overhead . 5.00 

Approximate rental value of eiiuipment . 40.00 


Approximate total per day . I84.00 

Per ton of total output ... 0 28 


Total cost per ton quarry and crusliing 80 ct.s. per ton total output of crusher. 


Table 218.—Approximate Per Cent Output of 
Ordinary Road Crusher (Volume) 


Rock 

Passing ^4" 
screen, % 

^ to iH". 
% 

I pi to 2 Pi", 
% 

Above 
2 W', % 

Limestone. 

15 to 20 

5 to 13 

30 to 40 

30 to 40 

Sandstone. 

16 to 22 

8 to IS 

30 to 40 

25 to 35 

Oranite. 

10 to 15 

10 to IS 

35 to 40 

35 to 40 

Gneiss. 

8 to 15 

9 to T 5 

35 to 40 

35 to 45 

Trap rock. 

^ Mixed sandstone and 

6 to 10 

8 to 12 

35 to 45 

40 to 50 

limestone. 

» Mixed OTanite and sand¬ 
stone (cobbles). 

16 to 21 

1 

7 to 14 

30 to 40 

30 to 40 

12 to 17 i 

! 

8 to 12 

30 to 40 

35 to 40 


Pence stone output. 
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Notk.—> i cu. yd. field stone cobbles makes i cu. yd. crushed stone screened- 
out sixes (loose measure;. 

X cu. yd. solid quarry stone makes approximately x.p cu. yd. crushed 
stone screeoed-out sizes (loose measure). 

I cu. yd. field stone cobbles will produce from o.8s to 0.92 cu. yd. (0.9 cu. 
yd. average) loose measure crusher run with the smaller amount for soft 
rocks and the larger amount for hard rocks. 

I cu. yd. solid quarry excavation will produce from 1.6 to 1.7S cu. yd. 
(1.7 cu. yd. average) loose measure crusher run. 

Consolidation. 

The ratio of loose to roiled depth for crushed stone and gravel is about as 
follows: 

Gravel 1.2 

Crusher run 1.2 to 1.3 (average 1.25) 

Greened uniform sizes 1.3 


Approximate Amount of Boulders and Quarry Stone 
PER Cubic Yard Macadam Rolled Measure 



to 

Boulders 

Solid quarry 

I cu. yd. rolled measure 

Screened sizes 

1.7 cu. yd. ± 

0.9 cu. yd. ± 

I cu. yd. rolled measure 

Crusher run 

1.4 cu. yd. ± 

0.74 cu. yd. ± 1 

Weights of 

Solid Rock (New York State) 



Pounds per 
cubic foot 

Pounds per 
cubic yard 

1 

Limestone. . 

167 to 171 

4500 to 4600 

Sandstone.... 

155 to 169 

4200 to 4600 

G^nite... 

165 to 171 

4500 to 4600 

Gneiss.... 

167 to i8s 

4500 to 5000 

Trap rock. 

180 to 18s 

4800 to 5000 

Syenite. 

171 to 184 * 

4600 to 5000 


Approximate Weights op Crushed Stone Per Loose Cubic 

Yards 


Rock 

Passing 

screen, 

ordinary 

screenings 

Hto iH" 

iH to 
3 H" 

Above 

3 H" 

Limestone. 

3550 ± 

3350 ± 

3400 ± 

3400 ± 

Sandstone. 1 

! 3450± 

3300 ± 

3350 ± 

3350 ± 

Granite. 

3500 ± 

3350 ± 

3400 ± 

3400 ± 

Gneiss. 

3600 ± 

3500 ± 

3550 ± 

3550 ± 

Trap rock. 

1 3650 ± 

3550 ± 

3600 ± 

3600 ± 


Cruxher run aoo to 500 lb. per loose cubic yards more than weight of 
screened sizes. Average 300 lb. heavier. 

Note. —Some authorities give the screened size weights about 100 lb. 
per cubic yard more or less than this table. 
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WEIGHTS OF GRAVEL 

Continental Sand Company, Rochester N. Y.—Dolomite 

Gravel 

Pit-run gravel.3.000 lb. per cubic yard (loose) 

Washed sand . 2.700 lb. per cubic yard (loose) 

Washed gravel: 

IS % passing screen ] 

35 % M"' to I>2" screen ' .. . 2.500 lb, per cubic yard (loose) 

SO % J}i'* to 2V2" screen ! 

Output 45 % washed sand. 55 % screened gravel. 

Valley Sand Company 

Washed sand .2.700 lb. per cubic yard (loose) 

Washed gravel (mixed sizes). 2.500 lb. per cubic yard (loose) 

Output 33 % sand. 66 % gravel. 

Note. —Above weights are for dry material. Wet sand will run as high 
as 3.200 lb. per cubic yard. 

WEIGHTS OF CRUSHED STONE 

Crusher Run Stone. —Crusher run stone will run from 200 to 
500 Ib. per yard higher than the weight of screened-out uniform 
sizes. 

For limestone weighing 170 lb. per solid cubic foot and approxi¬ 
mate 2,400 lb. per loose cubic yard screened sizes. Crusher run 
\nll weigh from 2,650 to 2,800 lb. per cubic yard loose measure, 
according to Harger, Gilmore, and Whitmore Rauber and Vicinus. 
See page 1159 for weights of uniform screened sizes of limestone. 

COST OF STONE-FILL BOTTOM COURSE 

The following data are taken from Road 5021, season of 1910; 
labor cost 17,5 cts. per hour, teams 40 cts. per hour. 

The amount placed was 10,000 cu. yd. rolled measure. The 
average rolled depth was r.i'. The surface was carefully brought 
to line and grade, allowing a variation of i" either above or below, 
which inequality was taken out with the top stone. A 3" bitumi¬ 
nous top course was placed directly on this fill. The top layer of 
bottom stone was sledged to reduce all stones to 8" or under. 
Flint stone was used to fill the top 6" and to surface the rough fill. 
The bottom course was of fence stone, hauled, on an average, about 
mile. I estimate that i cu, yd. rolled measure requires 1.25 
cu. yd. loose. The cost of the bottom course per cubic yards 
rolled measure was $1.03, divided as follows: 


Loading 1.25 cu. yd. $0.19 

Hauling 1.25 cu. yd. 3 ^^ mile. 0.20 

Placing 1.25 cu. yd. and rolling. 0.24 

Sledging. 0.15 

Flint. o.io 

Cost of fence stone. 0.15 

Total, per cubic yard. $1.03 
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Cost of Subbase Bottom Course. —Road 495, Parma Corners- 
Spencerport. E. E. Kidder, engineer. 1082 cu. yd. placed, 
average depth 6". Not much sledging required. 


Cost of stone, I cu. yd. . . $0.10 

Loading, per i cu. yd.. 0.T84 

Hauling r mile. 0.30 

Laying, sledging, and spreading filler. o. 136 

Rolling. . .0.02 

Superintendence. 0.02 

Cost of filler in f)it nothing (gravel used). ... 0.00 

Loading cu. yd. 0.04 

Hauling J 3 cu. yd. i mile. o.io 

Total. $0.90 


Kentucky Rock Asphalt. —The following data are from the 
Clarence Center Road, John D. Rust, engineer, collected during 
the season of 1910. In this work an 8-ton tandem roller was 
found to do better than a 6-ton tandem. The cost of handling, 
spreading, and rolling this material, from data of 5 days selected, 
varied from 3.3 to 3.6 cts. per sq. yd.; the average being 3.4 cts. 
The following may be taken as a t3q)ical analysis of this cost: 

Abbreviations. L. Laborers. 

F. Foreman. 

T. Teams. 

E. Roller engineer. 


Asphalt $10.25 per ton f.o.b. unloading p)oint. 

Run of July 20, 1909. 

69.22 tons hauled and placed. 

1,730 sq. yd. covered. 

80 lb. asphalt per sq. yd. 

5 L. at cars, 10 hr. at $1.50 each. . , . . $ 7.50 

J2 at cars at $2.25 per day. . .$1.12 

5 T. haul 2 miles at $4 per team. 20.00 

5 L. on wheelbarrows, ir hr., each 15 cts. per hour. ... 8.25 

I T. at shredding machine. 4.40 

3 L. on rakes, ii hr. at 15 cts. per hour. 4.95 

3 L. shoveling, ii hr., at 15 cts. per hour. 4.95 

I F. at shredder, ii hr. at 22.5 cts. per hour. 2.48 

I E. on roller, ii hr. at 30 cts. per hour. 3 30 

Total. $56.95 

Cost per square yard, $0,033. 


McClintock Cube Pavement.—The general costs of this experi¬ 
mental pavement were given in Chap. VI. We here give the 
detailed cost of the vitrified-clay cubes and clay-ash cubes only, 
as the concrete cubes have not worn satisfactorily. 
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Vitrified Shale Cubes .—During 74»ooo 2}^*' vitrified 

shale cubes manufactured at Reynoldsvifle, Pa., were laid at a cost 
as follows: 

Teams at 50 cts. per hour 


74,000 cubes f.o.b. Reynoldsvillc.$231.25 

Freight. ... 68.41 

Carting. 67.00 

Laying.. .. 20.00 

Total... $386.66 


Note.— 331 sq. yd. were covered at a cost of $1.17 per square 
yard. 

Clay and Ash Cubes .—In 1910, cubes made of a local clay mixed 
with ashes and burned were tried in the cfTort to get a cheap, 
tough clay product. As far as known, this is the first time bricks 
made in this way have been used on roadwork. 

The ash-clay process has been worked out and patented by 
Karl Langenbeck of Boston, Mass. Many local clays used for 
ordinary brick or farm tile will not stand up under vitrification 
without the addition of expensive, imported refractory clays; 
but the substitution of coal ashes for the more expensive clays 
has a similar effect and the cost is materially reduced. Some of 
the local clay was sent to Mr. Langenbeck, who turned out a few 
cubes that compare favorably in toughness with the best paving 
bricks on the market. 

The Standard Sewer Pi|>e Company, of Rochester, N. Y., under¬ 
took to furnish 400,000 2" cubes of this description for Mr. Mc- 
Clintock. It was necessary for them to experiment to determine a 
practical method of molding, the correct temperature to use, and 
the best proportion of ashes, which naturally raised the price above 
ordinary practice. In molding they used a modification of the 
ordinary pipe-molding machine, which produced a hollow square of 
cubes, at the rate of 30,000 cubes per hour. The scoring knives 
were so set that the cubes were nearly cut apart, leaving just 
enough uncut clay to hold them together during the burning, 
after which a light blow separated them cleanly The toughness 
of the resulting cubes can probably be increa.scd by further experi¬ 
ment; but the product was good, although not up to the standard 
of the sample cubes made by Mr. Langenbeck. 

The cost of the ash-clay cubes was as follows: 

400,000 cubes f.o.b. Rochester, N. Y. $1200.00 $0,711 per sq. yd 


Carting, 6 miles. 247.75 o. 147 per sq. yd. 

Filler. 27.00 0.016 per sq. yd. 

Labor of laying. 191.77 o. 113 per sq. yd. 

RoUer. ... 12.94 0.008 per sq. yd. 

Total.$1679.46 $0,995 per sq. yd. 


Note. —1688 sq. yd. covered 

Labor, 22 cts. an hour \ , 
Teami, so cU. an hour / 
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Mr. McClintock has stated, in discussing the cost, that in largt 
quantities he believes the cubes can be delivered f.o.b. at the 
plant for $1.50 per 1,000, which would reduce the cost as shown 
above to about 60 cts. per square yard, and that the high cost of 
laying was due to the irregular shape of the first batch, due to not 
scoring the cubes deeply enough. 

Amiesite Cost Data.—Road 1319, Honeoyc Village, season of 
1915. H. W. Baker, engineer in charge. 4,700 sq. yd. laid 16' 
wide deep. Laid in two courses. Bottom course 2^" thick 
coarse material; surface thick fine material. 

Material: 

588 tons at $4 per ton f.o.b. plant.$2352.00 

588 tons freight 54 cts. per ton. 34r 04 


Total cost materials.$2693.04 

Labor —force al cars unloading: 

6 laborers at $2 per day. $12.00 

I foreman at $2.50 per day. 2.50 

I fireman at $3 per day. 3 00 

I night fireman at $2.50 per day. 2.50 


$20.00 

Equipment at cars: 

I boiler and pipe line per day. 8.00 

ton coal and oil. 2.50 

Total daily cost of unloading. $30.50 

Hauling J4 mile: 

4 teams at $5 per day. $20.00 

Spreading and compacting: 

I asphalt raker. 3.00 

4 laborers at $2 per day. 8.00 

I rollcrrnan. 3.00 

Per day. $14.00 

Equipment: 

I roller (10-ton tandem). 10.00 

Coal, oil, etc. 0.80 


Daily cost spreading and compacting. $24 80 

Summary daily force account: 

Unloading. 30 50 

Hauling. 20.00 

Spreading and compacting. 24.80 


175-30 

Number of days worked, 15 

Total labor 15 days. $1129.50 

Total materials cost. 2693.04 

Total cost. $3822.54 

Cost per square yard. 0.81 

Bid price square yard. 0.85 
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Conditions: 

This work was done under bad weather conditions the night tem¬ 
perature being below freezing and only 2 days with an air tem¬ 
perature above 55°F. 

It was necessary to keep a night fireman at the cars to keep up 
steam and to move the steam pipes to different parts of the cars to 
insure the amicsite being in a condition to loosen and shovel in the 
morning. The material was loosened by bars and sledges to the 
bottom of the cars steamed 10 to 30 min. and then shoveled 
into dump wagons, covered with canvas and hauled to the street. 

Under favorable weather conditions the cost of unloading from 
the cars would probably be reduced 40%. 

Table of Amounts of Amiesite required for different thicknesses and 
materials, page 1186. 


BITUMINOUS CONCRETE 

Topeka Mix.—The following data on output and organization 
is quoted from linf^inccring Contracting. 

The wearing surface mixture was prepared in a Cummer standard 
one-car porUible paving plant of 2,000 sq. yd. of 2" top per day 
(10 hr.) rated capacity, having a twin-pug mill (10 cu. ft.) capable 
of handling a i,000-lb. batch of material. The total weight of this 
plant ready for transporting is 100 tons. 

When the plant is working at its full capacity, 3 tons of coal are 
required per day. 

The organization at the plant is as follows: 

I foreman. 

I engineer. 

1 fireman and i blacksmith. 

2 men at scales weighing materials. 

2 men feeding stone to elevator to drier. 

2 men feeding sand to elevator to drier. 

2 men shoveling stone from car. 

2 men shoveling sand from car. 

2 men stripping barrels, etc. 

I man witli horse, conveying sand from pile to elevator. 

I man with horse, conveying stone fron» car to elevator. 

On a good day’s work (8 hr.) the following quantities of material 
were used: 16 tons of asphalt, 132 tons of stone, 47 tons of sand, ii 
tons of dust or filler, making a total of 206 tons of mixture. 
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FIELD COST DATA—BITUMINOUS MACADAM, MIXING 
METHOD. NEW YORK STATE RECONSTRUCTION, 
ASPHALTIC CONCRETE, 1925 

E. A, Close, engineer in charge 
General information 

Length and Type .—Two miles of water-bound macadam, 20 
years old, and 6.5 miles of bituminous macadam, 16 to 18 years 
old, was to be resurfaced and widened. 

An evener course of black base (asphaltic concrete) was used to 
fill pot holes, widen old macadam, and reduce excessive crown. 

Top course was a modified Topeka mix or stone-filled sheet 
asphsilt. 

Cross-seciion .—Black base course was 19' top and 20' bottom 
width; 1^2" minimum thickness. 

Top course was 18' wide, 1)2^' uniform thickness. 

An edging of black base 6" wide, i}'/' thick was placed on each 
side of the top course after side forms had been removed to protect 
the edges of top course. Cost of this edging is included in the 
black-base course. 

Mix. —Black-base mix, in general, was proportioned 600 lb. 
stone, 300 lb. sand, and 45 lb. asphalt. 

Top-course mix, in general, was proportioned 265 lb. stone, 650 
Ib. sand, and 85 lb, asphalt. 

Haul .—The average haul for all material w^as 6.2 miles from 
plant to spread. 

Progress. —55,833 so. yd. top course were placed. 13,579 
tons black base (including edging) were placed. Average 2 
sq. yd. and 0.4887 ton per linear foot road. Job 65% complete. 

95 working days on black base. 38 working days on top course. 
38 days on repairs. Plant operated a total of 133 days on both 
courses. 

Distribution of General Charges .—Certain j^eneral charges shown 
in Tables A and B could not be directly assigned to either course, 
and are distributed in the proportion of the number of days plant 
time charged to each course, viz., to black base and 

to top course. 

Main office, financing charges, and other overhead figures were 
not available and are not included. 
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Table op General Costs 


Description 

Quantity 



Remarks 

Salaries: 





Manager asphalt 






3.69 mo. 
mo. 

Isoo. 

ISO. 

I1.845.00 
955.00 

Rate estimated 


Rent: 


Storage space, office. 






8 mo. 

40. 

320.00 

Rate estimated 

OflRce supplies: 

Telephone, postage. 




Rate estimated 


8 mo. 

2 S. 

200.00 

(General supplies: 

Coal. 

561.02 tons 

3 40 

1.907.47 


Coal. 

20 tons 

4.50 

90.00 

Purchased 





locally 

Fuel oil. 

Lubricating oil and 

39.000 gal. 

0.04s 

1. 755 .00 

Rate estimated 

waste. 

Truck covers, tar- 



200.00 

Estimated 

palins. 

6 

15 00 

90.00 


General hauling: 





i^-ton truck. 

7 H mo. 

375.00 

2,750 00 

Rate esti- 


mated inclu¬ 
ding driver, 








gas, oil, re¬ 
pairs, tires. 





interest de¬ 
pression, etc. 

Property damage: 




Estimate in¬ 

Residence property 

65% of 11500.00 

975 00 

damaged by smoke 




cluding two 

and dust. 




new dust col- 





lectors. 





special oil 

burner, etc. 

.. . J 


Insurance: Estimated 4% of pay roll|39.749 . 31 I1.589 97 

Labor: See Table .4 . ... 4,311.94 

Equipment: B . ... 13,210.00 


Total general charges. 


130,399.38 
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Table .4 .—Plant Costs—Labor 


(Assembling, erecting, and repairing) 


Title 

Rate 

Time 

Amount 

Remarks 

Plant foreman.. 

I333 33 per month 

81 days 

$ 800.00 


Foremen . 

7.00 pe r day 

7b days 

532.00 


I Crane operator. 

225.00 per month 

81 days 

700 pb 

Rate e s t i - 
mated to in¬ 
clude over¬ 
time 

Mechanic. 

7 00 per day 

46 days 

322.00 

Rate e s t i - 
m.i'ed to in- 
ehide over¬ 
time 

Raker. 

i6o 00 per month 

I mcmtli 

160 o«> 


Tamper. 

5. 8 j per day 

4 days 

1 

Fireman. 

5 00 per day 

87 days 

43.S 00 


Laborers.. ' 

5.00 per day 

100 <la> s 

500 00 


Mixerman. ; 

40.00 per week 

28 days 

iSb br 


Boilermakers 

12.00 per day 

14 days 

168 00 

Rate e R t i - 
mate<i 

Bricklayers. 

12.00 per day 

2 days 

24 00 

Rale c .s t i - 
mated 

! Rollcrmen. | 

40.00 per week j 

84 day.s 

560 00 


Total_ 


i 

i 

1 

54511 Q 4 

Carry for- 

w a r d to 
r able of 

U, e n e r a 1 

costs 


Tabled.—Plant Costs—Equipment 


(Interest, depreciation and repairs) 


Equipment j 

Value 

1 

Interest j 

Depre¬ 

ciation 

Repairs 

Totals 

Asphalt plant.. . . 

Crane. 

Roller. 

Small tools. . . . 

Total—Carry Forwar 

1 

f 2 5.000* 

5,000* 

4.000' 

2,000* 

d to Tabic 

1 i 

1 

Estimate 
of vail 
$300 
240 
120 

of Genera 

1 1 

1 

d at 40 % 
Liation 
$ 800' 
500‘ 

1,000* 

il Costs. . 

1 

I200 

50 

i 

1 10.000 

1.300 

700 

1.120 

$13,210 j 


1 Notb.—T hese figures were estimated. 
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(continued on next page. 
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COST DATA 



> This rate estimated. 

* These prices estimated including delivery. 
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Table of Black Base Costs 


Labor—mixing and hauling 


Title 

Rate 

Time, 

days 

Amount 

Totals 

Plant foreman. 

Crane operator. . . . 

Mechanic. 

Firemen.. 

Mixerman. 

Laborers.. 
Watchmen.. 

Trucks. 6-ton 
Foremen. 

$ 333-33 per month 
225.00 per month 

7.00 per day 

S. 00 per day 
40.00 per week 
. 50 per hour 1 
5.00 per day 

30 00 per day 

7 .00 per day 

97 

99 

95 

191 

95 

392 

95 

337 

11 

$ 1,077.70 
856.73 

665.00 

955-00 

633.331 

1.960 00 
475.00 
10,110.00 
77 .00 

$16,809.83 


Labor—spreading and compacting 


Title 


Amount 

Totals 

Foreman 

Foreman 

Raker. 

Raker . 

Tamper 

Laborers 

Rollerman . 

$ 40.00 per week 

SO. 00 per week 

40.00 per week 
50.00 per week 

35 00 per week 
6.00 per day 
45.00 per week 

52 

S8 

80 

45 

79 

783 

95 

1 346.67 

483.33 

533 33 
375-00 
460 83 
4.698.00 

7 i 2.50 

$7,609.66 



Materials 


Material 

Price 

Quantity 

Amount 

Totals 

Crashed 
stone . . 

Sand. 

Asphalt . 

$2.01 per ton 

1.40 per cu. yd. 
0 069 per gal. 

9,028.025 tons 
3.209.48 cu. yd. 
162,037 Kal. 

$18,148.14 
4.493 27 

I r,180 .55 

$33,821.96 



General charges 

Prorated from Table of General Costs, •Has X 130,399.38 « 521,713.84 


ToUl I 79 . 9 SS 29 

Unit costs 

179.955 29 + 13.579 - Is .888 per ton. 

0.4887 tons per linear foot of road ls.888 X 0.4887 « I3.877 per linear 
foot of road. ^ 

Note.—P rices and rates in top course table apply also to this table. 
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COST DATA, CONCRETE ROADS 

Materials 

Stone .—Cost of stone varied greatly during the year, from 62 to 
85 cts. per cubic yard at the Blissville docks. To obtain a low void- 
age contractors ordered a mixture of No. 2 and No. 3 stone. This 
mixture weighed ap[)roximately 2700 lb. per cubic yard; therefore, 
cost of stone f.o.b. car at destination would be: 


I cu. yd. stone at Blissville (say). $0.80 

Transfer (17 cts. per ton), 1.35 X 0.17. 0.23 

Freight (63 cts. per ton), r.35 X 0.63 (rate to Patchogue).. 0.85 

Total. $i 788 


Note. —Arrigoni paid $i.8r delivered f.o.b., on rate made in 1914 
before stone raised. Freight rate to Patchogue then 60 cts. 
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Haul varied from 12 cts. per yd. mile using tractor roller and $ cu. 
yd. trailers (3), to as high as 35 cts. per yd. mile with teams. 

Transfer from cars to wagons 15 to 20 cts. per cubic yard depend¬ 
ent mostly on rate of wages; therefore, cost on job, with stone as per 
above, and a 2-mile haul would be approximately $1.88 + 0.60 
4-0.20 = $2.68 per cubic yard. 

Gravel. —Cost of same at bank, screened, and in bin varied from 
45 to 85 cts. (dependent mostly on per cent of gravel). Haul same 
as stone. 

Sand. —Cost of same at bank, (in wagons—screening unnecessary) 
varied from 35 to 60 cts. 

Haul: 25 to 35 cts. per yd. mile. 

Note. —When obtained from same pit as gravel I would consider 
its cost in bin as one-third the cost of all material leaving the plant, 
gravel in this case two-tliirds of same total (say 25 cts. [sand] and 50 
cts. Igravel] where gravel would be 75 cts. 4 - were all sand wasted). 

Cement. —Cost of cement varied greatly during the year; a good 
average was $1.20 per barrel net. Actual practice with graded 
stone has shown 1.75 bbl. per cubic yard of concrete a safe factor. 

Haul varied from 3)42 (truck) to 5 cts. (wagon) per barrel mile. 

Handling: average 2 cts. per bbl. when handled direct from car 
to job. 

Plant. —Ejfclusive of forms and water line. 

i mixer—4-bag mix, i: at least 20 cu. ft. capacity 

I screed—19' by 4" by 12", with iron plate. 

I bridge—18' X .V' X 12". 

3 floats—(one split); and one trowel. 

I doz, forks—close tined for stone. 

10 square shovels. 

16 wheelbarrows (2 or 2H cu. ft. capacity 

1 canvas—160' X 20'—with frame. 

2 tamjiers. 

I template to test subgrade. 

. I doz. pins to hold expansion joints tor special template for that 
purpose). 

Small tools, other than noted. 

I Straightedge, 24' X 10" X 4", for extra width on curves. 

I'otal cost of above approximately $2300. 

Manipulation 

Exclusive of water, forms and trimming subgrade. 


Superintendent (one-half). $3.00 

Timekeeper (one-third). i.oo 

Foremen (2) (see Fig., p. 1196). 7.00 

Engineer (i) (see Fig., p. 1196). 3.00 

Fireman (i) (see Fig., p. iiq 6 ) . 2.50 

Mason (i) (see Fig., p. 1196). 2.50 

Laborers (8 at 2.op) (see Fig., p. 119C). 16.00 

Laborers (21 at 1.85) (see Fig., p. 1196). 3® 85 


Total 


$73.85 













COST DATA 


1198 

Based on an average day’s work of 182 cu. yd. (lo-hr. day), 
the manipulation of a cubic yard of concrete would cost with the 
above organization, 40.6 cts. 

Note. —The above organization has laid over 780 lin. ft. of ity/ 
pavement (outside dimensions), in a lo-hr. day. (The 182 cu. 
yd. is based on a length of 600' of pavement with a cross-section 
of 8.2 sq. ft.) 

Water 

Plant should be capable of supplying 30 gal. per minute. Pipe: 
10,000 (at least) lin. ft. 2" pipe, galvanized at 16 cts.. . . $1600.00 


Black, at cts. 1450.00 

35 “Ts" for same (one each 300') at 50 cts. 17 50 


Pumps: 3 to 25 hp., dependent on conditions. For lower 
power, gas engine O. K.; for higher, steam the best (latter, best for 
surety of supply). 

Outfits Si 50 to $1000. 

Where wells were necessary, 2" supply pipe. Driving same $i .40 
per foot for depths not greater than 40'; $1.50 to 70' depth. This 
includes pipe and point. 

Shaughnessy paid a lump sum for water from Bayshore to Islip 
($300, I believe) from hydrants. On 5232 \, water was bought 
from private parties for part of the work at S3 per day. 

Cost of running steam pump located at well or surface W'ater 
supply, including operator, varies from $5 to $8 per day dependent 
on weather conditions. 

200' of rubber hose at 34 cts, per foot necessary for connection 
with mixer and sprinkling road. (.)f this a 15' section should be 
connected on intake pipe of mixer, with which to sprinkle subgrade. 

Form.s 

1. 6" Channel forms (steel) 32 cts. per it. including pins, 8' 
sections. 

2. Patent steel forms with bevel, 24 cts. per ft. Pins for same 
$i each, one necessary for each section. Sections 12' long. 

3. Wooden forms with bevel about i 2 cts. {ler linear foot. 

Cost of placing same, 2 men at $2 per day, $4 [)er day (see P, 

Fig., p. 1196). 

At least 1200' of forms necessary, so that 600 lin. ft. of road can 
be built without forms being moved. Based on (2) forms would 


cost : 

1200' of forms. $288.00 

Say 110 pins. 110 00 


Total. $398.00 


SUBCRADE 

Three men generally necessary at $1.85 per day (sec T, Fig., p. 
1196). 

General 

A steam roller ($2200) might justly be, partially at least, charge<i 
to concrete. Cost of operating same, including rollerman, not 
greater than Si 2 per day if owned by contractor. 
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CONCRETE PAVEMENT COST DATA 

Name of Road, Main Street, Sec. Ill, County Highway 130, 
Erie County, New York State. 

Length, 3.68 miles. Thickness, average 7" parabolic crown. 
Width, 16'. Proportions of mix, i: 1)^:3. 

Total cuoic yards, 7038. 

I. Labor, exclusive of water supply, including supervision $0.6818 


2. Plant forms and tools. 0.3091 

f steel plates 0.1782] 

3. Expansion joint material J tarred paper 0.0295 (. 0.2077 


I 0.2077J 

4. Water supply, including labor. 0.0625 

5. Cement placed on roadside ready for mixer. 2.3379 

0. Sand [daced on roadside ready for mixer. 0.8359 

7. Stone placed on roadside ready for mixer. 1.0518 

8. Reinforcement, if any. 0.0000 

Total cost per cubic yard. $5.4867 


LalK)r, rate per hour, 16}<2 cts.; teams, rate per hour, 50 cts.; hours 
in day worked, 10. 

Remarks: Work done by state day labor. Materials unloaded 
by hand. Plant charges included projx>rtiouate to life of plant. 
Seven-tenths mile average haul. 


Name of Road, Huntington-Amityville, Part 2, 1219, Suffolk 
County 

Length, 4.69 miles. Thickness, 4‘‘^4" and ~ av. 

Width, 16'. IToportions of mix, i: 132 - 3 - 

Total cubic yards, 7409. 


1. Labor, exclusive of water supply, including supervision. . $0.52 

2. Plant forms and tools. 0.58 

3. Expansion joint material. 0.05 

4. Water supply, including labor. o. 10 

5. Cement placed on roadside ready for mixer. 2.36 

6. Sand placed on roadside ready for mixer. 0.23 

7. Stone gravel placed on roadside ready for mixer. 1.05 

8. Reinforcement, if any. 0.00 


^ Total per cubic yard. $4 • 89 

Contractor’s bid price. 5-30 


Labor, rate per hour, 20 cts.; teams, rate per hour, 55 cts.; hours in 
day worked, 10. 

Remarks: Auto truck for most of haul. Gravel furnished by 
large screening and washing plant accounts for high plant cost. 
Only proportionate part charged for this plant as it is to be used to 
produce commercial output. 
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Road 1201—Nassau County Concrete Pavement 

(1) Sand: 

In bins Heling Bros, per cubic yard. So.is 

Haul by auto (contractor owner) 2)2 nii. at 15 cts. 0.38 

Sand on road per cubic yard. 0.53 

Gravel: 

In bins Heling Bros, per cubic yard. 0.85 

Haul by auto (contractor owner) 2^2^ mi. at 15 cts. 0.38 

Gravel on road per cubic yard. $1.23 

Cement: 

Cement stored at $i per day for 150 days.$150.00 

Approximately 1170 bbl. stored. Storage per 

barrel. 0.13 

f.o.b. Farmingdale (estimate). 1.30 

Handling and hauling (10 cts. estimate) double 

handbng in most cases. o. 10 

Cement per barrel on road. Si 53 

This price also approximate cost of cement bought 
from Parker, Hassam County. 

Plant: 

(2) I auto truck (Sauer).$6,500 

1 concrete mixer. 1,200 

2 doz. shovels. 21 

2 teams at $700, 2 bottom dumpers at $400. . . . 2,200 

Forms (wooden) 800 lin. ft. 40 

8 bauTows. . 24 

2 doz. picks. 42 

I bucket conveyor, loader. 600 

I screed. 15 

Incidentals. 20 

$10,672 

(3) Pressure water from fire plugs 

Pavement per cubic yarcl concrete 10 cts. $ioo 

1500 ft. (lin.) 2" pipe at 8 cts. 120 

xoo' 2" rubber hose. 50 

300' i" rubber hose. 45 

< 3 >S 

(4) Manipulation per cubic yard in place. This docs 

not include covering, uncovenng, sprinkling .. $0.92 

(s) Forms: 

Setting and resetting forms per linear foot of 

road.. $0.03 

3 X 1.7$ X 20 days 

3093 


0.03 


8 I 8 8 8 8 8 18 88 8888888 
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(6) Trimmings: 

Per cubic yard of concrete. |o. 28 

6 men at $ i. 75 20 days = $210 
roller at 12.00 6 days = 72 

$282 


- = 0.23 

990 

cubic yard of concrete 
F^.xpansion joints at 40 cts. apiece every 30' 
Covering and uncovering and wetting concrete 


during curing season 

2 men to cover at $i. 75. $3 50 

2 men to uncover at Si . 75. 3.50 

I man to sprinkle. 1.75 


$8.75 

-- = $0.18 per cubic yard concrete 


990 

Road No. 1203—Nassau County Concrete Pavement 

(i) Sand: 

In pit of Mr. Bennett per cubic yard. $0.15 

Screening and loading (estimated). 0.22 

Haul 2 mile (auto truck) contractor owner at 

12 cts. 0.24 

Cost per cubic yard on road. $0.61 

Trap rock (imported): 

F.o.b. Baldsvin $1.59 per cubic yard. $1.59 

Unloading 15 cts. 0.15 

Haul 1.6 mile at 25 cts. teams and auto truck. . 0.40 


Stone per cubic yard on road. $2.14 

Cement: 

F.o.b. Baldwin per barrel. $1.38 

Handling and hauling per barrel 5 cts. 0.05 

Cement per barrel on road. -43 

(2) Plant: 

I screed. $ 20.00 

I concrete mixer. iSoo.oo 

I steam roller. 3000.00 

1 doz. wheelbarrows. 36.00 

2 doz. shovels. 21.00 

3 teams at $700, 3 bottom dumpers at $400. ... 3300.00 

1 auto truck. 5000.00 

2 doz. picks. 42.00 

Forms (wooden $20; steel $126). 146.00 

Incidentals. 50,00 

Water wagon. 400.00 


$13,815.00 
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Wa/er: 

Pressure line fire plugs, total. Sroo.oo 

4cxx>' 2" pipe 6 cts. 240.00 

loo' 2" rubber hose . 50 00 

300' i'' rubber hose. 45 00 

$4^S■oo 

(4) Manipulation: 

Includes all works, sprinkling, covering, uncover¬ 
ing, in place complete per cubic yard. $0.67 

(5) Forms: 

Setting and resetting forms per linear foot of 

road. 0.05 

(6) Trimming (Subgrade) 

Per cubic yard concrete in place. 024 

Expansion joints at 40 cts. apiece every 30' 


Road No. 1219.—Suffolk County Concrete Pavement 


(1) Sand: 

In bins Heling Bros, pit cubic yard. $010 

Haul by auto (contract) 1.5 milrs estimate 30 

cts. o 30 

Cost per cubic yard on road. $0 40 

Gravel: 

In bins Heling Bros, pit cubic yard. So 75 

Haul by auto (contract) estimated 30 cts. o 30 

Cost per cubic yard on road. $i 05 

Cement: 

Bbl. f o.b. Farmingdale. $r 27 

Handling and hauling. o oH 

Cement on road per barrel. $135 

(2) Plant: 

Same as on 121S 

(3) Water: 

Cost of water. $700,00 

1 mile 2" pipe at 6 cts. per foot. 320 00 

100' 2" rubl>er hose. 50 00 

400' i" rubber hose. 60 00 

I pump and gas engine (estimate). 1000.00 


$2130.00 


(4) Manipulation: 

Includes all work; sprinkling, covering, uncover¬ 
ing, in place complete per cubic yard. $0.50 

(5) Forms, setting and resetting per linear foot of road 0.02 

(6) Trimming: 

Per linear foot of road. 0.06 

Expansion joints at 40 cts. apiece every 30'. 
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Road 1218—Suffolk County Concrete Pavement 

(i) Sand: 

In bins Heling Bros, pit cubic yard. $0.10 

Haul by auto (by contract) 1.7 miles approxi¬ 
mate. 0.40 


Sand per cubic yard on road. $0.50 

Gravd: 

In bins Heling Bros, pit cubic yard. ... So. 75 

Haul by auto (by contract) approximately. . . 0.40 


('ost per cul:ic yard on road $1.15 

Cement. 

I'. 0 . 1 ). Farmingdale. $1.27 

Handling and hauling. 0.08 

Cement on road per barrel. . ... Si -35 

>» riant: 

(Jravel and sand screening complete, including 

various set ups. $15,000.00 

1 concrete mixer. 1,800.00 

I roller. 2,800.00 

1 screed. 20.00 

18 wheelbarrows... 54 00 

2 doz. shovels. .... 21 00 

3 teams at $700, 3 bottom dumpers at $400. 3,300.00 

2 d(»z. picks. 42 00 

1 road planer and scarilier 600 00 

I'orms (steel). O30.00 

'I'arpaulins. . 100.00 

Incidentals.... 75 00 


$24,442.00 

(3) ]r<j/cr.- 

Total paid for ^\ater approximately . . .. $130.00 

1 mile 2" pipe at 6 cts. . 320.00 

100' 2" rul)ber hose. 50.00 

400' i" rubber hose. 60.00 


$560.00 

(4) Man!pnlaiion: 

Includes all work, sprinkling, covering, uncovering, 

in place complete per cubic yard. So. 54 

(s) Forms: 

Setting and resetting form per lineal foot of road.. . 0.02 

(6) Trimming: 

Per lineal fi>ot of road. 0.06 

Expansion joints 40 cts. apiece every 30'. 
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COST DATA 

Name of Road, Huntington Town Line-Farmingdale, Part i, 
Suffolk Coun^ 

Length, 1.27 miles. Thickness, 5" and 7" = Av. 6 " 

Width, 16'. Proportions of mix, i: i}. 2 : 3- 

Total cubic yards 2051. 

1. Labor, exclusive of water supply, including supervision.. $0 5^) 

2. Plant forms and tools. . 061 

3. Exp«insion joint material. . . o 06 

4. Water supply, including labor. .o 12 

5. Cement, placed on roadside ready for mixer . 213 

6. Sand, placed on roadside ready for mixer. 0.22 

7. Stone, placed on roadside ready for mi.xcr. i 01 

8. Reinforcement, if any. .0.00 


Total per cubic yard. ..$471 

Contractor’s bid price.5.30 

Labor, rate per hour, 20 cts.; teams, rate per hour, 55 cts.; hours in 
day worked 10. 

Remarks: Auto truck for most of haul. Gravel furnished by 
large screening and washing plant accounts for high plant ccist. 
Only proportionate part charged for this plant as it is to be used to 
produce commercial output. 

Road 1202—Nassau County 

(i) SaTtd: 

Estimated at 10 cts. per cubic yard in bins. $0 10 

Haul (by contract; estimated at 40 cts. per 

cubic yard. 0.40 

$0.50 

Gravel: 

Stiff-leg derrick set up (in bins). $2.00 

Haul (by contract) estimated at 40 cts. per cubic yard. 0.40 


First set up per cubic yard on road. $2.40 

Drag line set up per cubic yard. $1.20 

Haul (by contract; estimated 40 cts. per cubic yard. 0.40 

Second set up per cubic yard on road. $1.60 


Impoi ted gravel per cubic yard scow Long Island City o. 85 

Unloading from scow Long Island City. 0.15 

Freight Long Island City to Central Park. 0.78 

Unloading at Central Park. 0.10 

Haul (by contract) at 20 cts. per cubic yard. 0.20 


Cost per cubic yard on road. $2.08 

Average cost per cubic yard on road $i. 92. 
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Cement: 

Bbl. f.o.b. Central Park estimated by market. $1.20 

Haul by contract per barrel. 0.06 

Handling. 0.02 

Per barrel on road. $1.28 

(2) Plant estimated.$12,000.00 

(3) Water: 

Cost of water.$1,000.00 

4 mile 2" pipe at 6 cts. per foot. 1,270.00 

100' 2" rubber hose at 50 cts. 50.00 

400' i" rubber ho.se at 15 cts. 60.00 

I pump, boiler, etc. i,000.00 


$3,380.00 

(4) Manipulation: 

Includes all work, sprinkling, covering and uncover- 

.• _ 1 


ing; in place complete per cubic yard. $0.64 

(5) Forms: 

Setting and taking up per lineal foot of road. 0.04 

(6) Trimming: 

Per lineal foot of road. . . 0 075 

Expansion joints at 40 cts. apiece every 30'. 


COST DATA 

Name of Road, Little Valley-Cattaraugus, Part i, Cattaraugus 
County 

r f moo lineal feet 16'. \ 

Length, 5.35 |i;:oo lineal feet 14'./ 

, r 0" and S" = .\v. 7". \ 

Thickness, ^ j 

2.575 miles completed. 

Width, If) and 14. Proportions of mix. i: 1^:3. 

Total cubic yard 82S0—This cost covers 4165 cu. yd. 


I. Labor, exclusive of water supply, including supervision $0,423 


2. Plant forms and tools (>0.2 -j- 15.8 cts. for coal. 0.820 

3. Expansion joint material. 0.045 

4. Water suj)[)ly, including labor. 0.030 

5. Cement, placed on roadside ready for mi.xcr. 1984 

6. Sand, placed on roadside ready for mixer. 0.522 

7. Stone, placed on roadside ready for mixer. 1*505 

8. Reinforcement, if any. 0000 


Total cost per cubic yard. $$ .$24 

Contractor’s bid price. 6.30 


Labor, rate per hour, 18)^ cts.; teams, rate per hour, none us^; 
Hours in day worked, lo. 


Remarks: Industrial railway plant delivering sand, stone, and 
cement into hopper of concrete mixer, clam-shell unloader used to 
take material off cars. Material delivered alongside mixer in 
buckets proportioned for onc-batch size. 

For plant layout see illustration. 
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Concrete Pavement Work. —Gcneva Drcs<kn Road, New York 
State, season of 1925. Length 5.27 miles. iS' width of pavement 
aid in two 9' strips. 9,900 cii. yd. of <.oiu rete placed from July i to 
Sept, 2, 50 working days. Average output [)cr day, 200 cu. yd. 
Av'cragc length of haul, switch to mixer, 1.5 miles. 

Concrete Organization at Mixer: 

Rex mixer (6-bag batch), $7000 initial cost. 


1 operator at 75 cts, {x*r hour. $ 7 5 ® 

2 derrick men at 40 cts. ... 8.00 

I foreman at $i. 10.00 

1 oiling forms at 40 (t.s 4 00 

2 placing reinforcement and joint at 40 cts. 8.00 

4 men placing concrete at 45 cts. 18.00 

2 men on screeds at 45 cts. . . 9 ^ 

3 finishers. ^9 5 ® 

5 men setting forms at 40 cts. 20.00 

Totol labor. $104.00 

20 gal. of gasoline for mixer ± 5 oo 

Oil for mixture, (approximately) l oo 

Total per day.$1x0.00 

Cost per cubic yard. . « o 55 

Exclusive of overhead and equipment charge. 


This cost docs not include cover and curing. 


OOBcrete Stopped 









Little Valli:y-Cattakalh;ts Part I.—C. H. No. 1209 
Cement-concrctc Pavement.-—3900 Ft. of 6" and 8"-i6 Ft. and 9700 Ft. of and 7"-i4 Ft 
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Concrete Pavement Cost. —Road 1639, New York State, season 
of 1022. 3.25 miles laid. Average daily output 105 cu. yd. 2- 

bag batch nii.xer. Concrete pavement 16' wide laid full width in 
one operation. 6" uniform tnickness. 

Organizalion at Mixer: 

10-hr. Day 


I operator. $ 9.00 

I foreman. 5.00 

I man tending skip. 4-50 

1 man oiling forms, etc. 4 -50 

3 men placing concrete and steel. . . iS.oo 

2 men on screeds, roller and belt. . 10 00 

1 tinisher. 7.00 

Forms: 

2 men on forms ('setting).i 2 00 

Removing and moving forward. .j. 00 

Earth Cover and Sprinkling: 

Daily average. i.;.oo 

Total.S-o 00 


$0. p(‘r cu. yd. 

Exclusive of overhead and e(|uipment rhargtn 

Brick Cost Data on Country Roads.— The cost of brick pavements 
on country roads ditTers st)mew hat from similar work on city streets. 
There are not many data available for tlii.s rlavs of work, but 
through the courtesy of William C. Perkins, 1 irst .Assistant 
Engineer, New ^'ork State Department of Highways, tin* author is 
able to give some unusuaily n-liable data obtain'd from 15 miles of 
l>rick paving averaging 14' wide, built near Huifalo, X. Y., in 
iQio. Mr, Perkins' method of estimating, a.s given on page 1214, 
assumes that 20^; profit on both materiaU and labor will take 
care of the plant and pay-roll diarges and give a n asonable profit. 
The method of estimating i.s different from that gi\« n on macadam 
roads. His results arc good. 

Excavation. —Where brick pavement is built on an ordinary 
unimproved country road, the excavation is of the .same class and 
will cost the same as given ff»r macadam n)ads. 

Where pavements are built ()ver macaclam roarls and the old sur¬ 
face must be cut into 2 or 3" and reshaped, the excavation is much 
more expensive. Eor this class of work see page 1218 (scarifying 
and resh^ing). 

Labor Manipulation for Different Items of Brick Pavement Laid 
during 1910, in the Buffalo Residency. —These items figured from 
force accounts kept by the different engineers in charge of road.s. 

hzXyoT averaged 17.5 cts. per hour. 

Concrete Base, 5" thick (exclusive of edging). 

Machine mixing, laying same in place, including labor of tamp¬ 
ing, etc. 
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Road 2-R, Buffalo-Hamburg. $0.0853 per sq. yd. 

Road 128, Buffalo-Aurora. 0.0991 per sq. yd. (gravel 

concrete) 

Road 863, Blasdcll Village. 0.1228 per sq. yd. 

Road 87, Main Street, Sec. 2. 0.1129 per sq. yd. (3" base) 

Road 862, Hamburg Village. 0.0655 per sq. yd. (28' and 

30' wide) 

The excessive cost on Blasdcll V’^illage due to a poor concrete 
mixer (gasoline) which was constantly breaking down. 

On Alain Street, Sec. 2, poor organization and too high priced 
men; also, lack of water, causing delays. 

On Hamburg Village low price due to width of base 28' and 30', 
allowiiig work to progress faster. 

On Road 69, Main Street, Sec. i, edging and base were laid in 
one <^peration; gasoline mixer; plenty of water; cement, $1.12; 
sand $1.40; labor, $1.90 per day; stone, $1.12 per cubic yard; 
l)ase 3" thick; 8" edgings; cost in place, including edging $4,696 
per cu. yd., or 50.6 cts. per square yard, or 88.6 cts. per lineal foot 
of road. 

A 'isumption .—If q cts. per square yard is assumed as an average 
cost for 16' road (exclusive of edging) the manipulation would be 
64.8 cts. per cubic yard. 

If ().S5 cts. per s(}uarc yard is assumed for street work (Hamburg 
\’illage\ tlie manipulation would be 47.2 cts. j)er cubic yard. 
Concrete Edging. 8 " thick. 

Hand mixed; placing same, including erecting of forms, and 
removing same; tamping, placing steel, and all labor necessary. 
Road 2-R, BulTalo-IIamhurg, $0 0730 per lineal foot of edging. 

o 0S21 per scpiare yard of pavement 
(road 16' wide). 

Road 128, Buffalo-.\urora... o 0555 per lineal foi^t of 5"edging. 

0.0713 per sejuare yard pavement 
(road 14' wide). 

Road 863, Blasdell X’illage.. . o 0826 per lineal foot edging. 

o 0929 per sejuare yard pavement 
(road 16' wide). 

Road 87, Main Street, Sec. 2 0.074S per lineal foot edging. 

o 0842 per square yard pavement 
(road 16' wide). 

Concrete Curb.—On Road 862, Hamburg Village, concrete curb 
<)" top, 10" bottom, 15" deep; hand mixecl, exposed curbing, all 
including erection and removal of forms, 12.94 cts. per lineal foot. 

Assumption .—If it is as.sumcd that 8.2 cts. per sciuare yard of 
paving is the cost of edging and 9 cts. per stjuarc yard cost of base, 
the total cost per square yard, i()' road (including edging) would be 
17.2 cts. per square yard, or the manipulation would be $1,238 
per cubic yard. 

If $0.07^ per linear foot of 8" edging 10}^'^ deep is assumed, the 
manipulation would be $3,379 per cubic yard of the edging in 
place. (This high cost due to forms, etc., and the small amount of 
concrete per linear foot.) 
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Sand Cushion.—Spreading sand, rolling, and making bed ready 
for work. 

Road 2-R, BufTalo-Hamburg, $0.0102 per square yard 
Road 128, Buffalo-Aurora, 0.0082 per square yard 

Road 863, Blasdcll Village, 0.0187 per square yard 

Road 87, Main St., Sec. 2, 0.0151 per square yard 

Road 862, Hamburg Village, 0.0160 per square yard (28' and 30' 

wide) 

On Main Street, Sec. i, Road 69; sand. $1.40; lalx)r, $1.90; cost 
per square yard 2'' thick, 8.38 cts., including material. 

Assumption .—From the above I would assume 1.3 cts. per square 
yard as cost of preparing sand cushion. 

Brick Pavement.—Laying brick, including all labor of handling 
from the piles, removing all culls, and the rolling of the brick. 

Road 2-R, Buffalo-Hamburg, So.0611 per sq. yd. 

Road 128, Buffalo-Aurora, 0.0544 j>er sq. yd. 

Road 863, Blasdcll Village, 0.0969 per sq. yd. 

Road 87, Main St., Sec. 2, o 0965 per sq. yd. 

Road 862, Hamburg Village, o 0700 jk.t sq. yd. (28' and 30' 

Road 69, Main St., Sec. i, 0.0983 per sq. yd. wide) 

Assumption .—I consider Blasdcll and Main Street, Sec. i and 
Sec. 2, too high and the engineer claims that the force was cut 
up and wasted time. 

I would assume 7 cts. per square yard as cost of laying brick, etc. 
Grouting. —Necessary grouting to obtain flush joints, scoop 
method, including the placing of the protecting sand covering. 


Road 2^R, Buffalo-Hamburg, $0.0219 per sq. yd. 

Road 128, Buffalo-.Aurora, 0.0211 per sq. yd. 

Road 863, Blasdcll Village, 0.0322 per sq. yd. 

Road 87, Main St., Sec, 2, 0.0321 per sq. yd. 

Road 69, Main St., Sec. i, 0.0285 yd- 

Road 862, Hamburg Village, 0.0273 per sep yd. (28' and 30' 

wide) 

On Main St., Sec. i. Road 69; sand, $1.40; cement, $t.i?; 
labor, $1.90; actual cost 8.48 cts. per square yard, including 
materials. 

Assumption .—From the above I would assume 2.8 cts. per square 
yard, as the cost of applying ^out. 

Expansion Joints. —Removing strips, cleaning joints, and pour¬ 
ing tar. 


Road 2-R, Buffalo-Hamburg, $0.0067 per linear foot of joint. 

0.0076 per square yard pavement 
(road 16' wide). 

Road 128, Buffalo-Aurora, $0.0057 per linear foot of joint. 

0.0073 pcf square yard pavement 
(road 14' wide). 

Road 863, Blasdell Village, $0.0115 per linear foot of joint. 

0.0x29 per square yard pavement 
(road 16' wide). 


Road 863, Blasdell Village, 
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On Main Street, Sec. i, Road 69, the expansion joints cost 
2.96 cts. per linear foot, or 3.3 cts. per square yard (road 16' wide), 
including material, labor, etc. 

Assumption. —From the above I would assume 0.75 ct. per 
square yard as the cost of expansion joints. 

Unloading.—Data for unloading not reliable. 

Road 2-R BufTalo-Hamburg, 1.4 cts. per square yard. 

Road 863, Hamburg Village, Contract taken for $1.50 per 1000 

brick; unloaded, haul mile, and 
pile; this would be 6 cts. per square 
yard. 

Road 69, Main St., Sec. i... 1.9 cts. per square yard. 

Assumption. —I would assume 2.8 cts. square yard as on and off 
Hauling.—No reliable data. 

If 600 brick per load, $5 j)er day for teams, 10 loads per day, are 
allowed haul i mile costs 3.4 cts. per square yard. 

Summary, Labor Cost of Brick Pavement. 

Manipulation of Concrete 
Pavement 16' wide; edging 8" X 10* 2^'. 

'Concrete base.$0 09 per sq. yd.. $0,648 per cu. yd. 

Concrete edge. o 082 per sq. yd. 3.378 per cu. yd. 

Concrete base and edging $0.172 per sq. yd. i. 238 per cu. yd. 

Brick Work Labor 


Preparing sand cushion. $0.0130 per sq. yd 

Laying brick.... ... 0.0700 per sq. yd 

Grouting. . . 0.0280 per sq. yd 

Expansion joints . 0.0075 sq. yd 

On and off.. . ,. 0.0280 per sq. yd 

Haul one mile . . 0.0340 per sq. yd 


Cost of labor. . $0.1805 per sq. yd 

Useful Data for Brick Roads. 

6" X edging per linear foot of edging.. 0.016203 cu. yd. 

8'' X loyy' edging per linear foot of edging.. .. 0.021605 cu. yd. 
5'^ X 16' concrete foundation per linear foot 

16'road. 0.24691 cu. yd. 

2" sand cushion loose per square yard. 0.0555 cu. yd. 


I barrel of cement will grout 36 square yards of pavement. 

I barrel of paving pitch will fill 130 linear feet of joints i'' wide. 

Amcmnt of Grout Required for Stone Block Paving.—For blocks 
similar to Medina sandstone blocks running about 26 to the square 
yard, Gillette states that 0.6 cu. ft. of joint filler is required per 
square yard of pavement with joints averaging wide. Second 
quidity blocks with wider joints require proportionally more. 

1 Rocent cost data indicates that 35 cts. per cubic yard is ample. 
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Amount of Grout Requited for Some Block Paving. —For blocks 
similar to Medina sandstone blocks, running about 26 to the sq. yd., 
Gillette states that a 6 cu. ft. of joint filler is required per sq. yd. 
of pavement ^Yilh joints averaging ^2" wide. Second quality 
blocks with wider joints require proportionally more. 


STANDARD ESTIMATE, BRICK SURFACING, EXCLUSIVE 
OF FOUNDATION 


Materials. 

Cost of brick, f.o.b. unloading j)oint . . 

“ “ sand for sand cushion, on job . 

“ grout, on job . .. . 

“ cement for grout, on job 

“ paving pitch for expansion joint^. on job 


Per &i. Yd. 

% 


Labor and Tea m i n g. 


Unloading brick and piling along road 

So 035 

Hauling brick f)er mile. 

0 040 

Preparing sand cushion 

0 020 

Laying brick. 

. 0 070 

Grouting. 

.. 0 02H 

Expansion joints 

. 0 007 

Total . 

$ - 

Add 20Vo profit 

--- 

Estimate 

$ 


SAMFLK— Standard Kshmatk, IIrick Pavkmknt— 
\Vm. C. Perkins 

Brick: $22.50 per 1000 f.o.b. cars at Road siding, 

bricks lay 40 to the sq. yd. 

Lalxir, $0,175 hour, 10 hours. 

Sand, 1.00 per cu. yd. on cars at siding. 

Stone, 1.25 per cu. yd. on cars at siding. 

Oment, 1.30 per bbl. delivered on work. 


Sand: 

f.o.b, cars.$i 00 

Unloading . . 015 

Haul I mile (&» $0 30. o 30 


(!ost cu. yd. sand . . . . $i 45 

Stonr: 

f.o.b. cars. 25 

Unloading. 0.15 

Haul I mile $0.30. o 30 


Cost cu. yd. stone. Si. 70 
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Concrete: i - 2)^ - 5. 

Use any standard mixing tables, stone i" and under, dust 
screened out. 


Cement, i.iq bbl. ... X $i 30 = $1.53 

Sand, 0.46 cu. yd. ... X i 45 = 0.67 

Stone, o 91 “ “ ... X 1.70 = 1.55 

‘Manipulation. = 0.50 

$4.27 

20% profit . o 85 

Total . Ss . 12 


The manipulation is based on machine-mixing and is for base 
alone laid 5" thick. The concrete edging is estimated separately 
and runs from So.13 to $0.15 per lin. ft. 


Material per Square Yard 


Brick f.o.b. cars. 

So (>00 

0 080 


Sand cushion and cover. 


(Irout (siind and cement). 

0 042 


Material expansion joint . 

0 008 




$i.030 

Labor per Square Yard 



Unloading and piling 

So 035 


Haul I mile . . 

0 040 


Laving and rolling . 

0 070 


Making sand cushion. 

0.020 


Grouting. 

0 028 


Expansion joints. 

0 007 


Culling, replacing, etc 

0 005 

0.205 

20*'c profit 


*i.23s 


0.247 

Total 


$i.482 

Therefore, standard 16' road is estimated 

to cost, per square 


yard (exclusive of edging): 

Concrete base. $0,711 

Brick . . 1.482 


Total .$2,193 p^r sq. yd. 

Say, $2.20 per sq. yd. 

•Recent rout data indicatca that lo.3S i» on^pl*^ ^ith 1at>or at $o.i7S P«r 
hour. 
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INCIDENTAL ITEMS 


Guard-rail Paint 

15 lb. white lead \ , . 

gal. oil / ' sal- paint. 

25 to 30 lb. white lead and i gal. oil to paint 100 ft. guard rail 


3 coats. 

In Report of 1901 the Massachusetts Highway Commission 
gives the folloN\ing costs for repainting guard rail; 

Lineal feet of guard rail painted. 350,330 

Cost of paint per gallon (freight not included).$ 1.05 

Cost of [laint per lineal foot of guard rail. o 0084 

Cost of paint and j)ainting per lineal foot of guard rail . 0.0165 

Lineal foot of guard rail painted per gal. 134 4 

Number gallons of paint used per lineal foot of guard rail 0.0077 
Time required to paint i', in decimals of an hour. 0.0269 


Concrete Guard Rail.—Style of rail shown in sketch on page 681, 
chapter on Minor Points. 

Labor, 22.5 cts per hour. 

Cost of manufacturing 1233 lin. ft. of rail of the above descrip¬ 
tion. Taken from the Ret)ort of the New York Highway Com¬ 
mission of 1910. 


Lumber 
Steel.. . 
Cement 
Gravel 
Metal cores 
Labor 

Miscellaneous 
Total... . 


$ .32 46 

1.39 h 4 
57 62 . 

10.00.. 
77.00.. 
231-83 
5-.3 5 • 

$ 555 - 9 ^ • 


$0,026 ptir lin. foot 
o. 114 per lin. foot 
o. 046 per lin. foot 
0.008 per lin. foot 
o.o6^ {x.*r lin. foot 
o 188 i>cr lin. foot 
o 004 per lin. foot 

$0,449 


These data apply to small quantities; if manufactured on a 
large scale the cost should be reduced to alx>ut 30 cts. |>cr lineal 
foot. 

The cost of setting the above rail varied from 9 to 12.5 cts. per 
lineal foot: labor 22.5 cts. [)cr hour. This does not include hauling 
from the factory to the intended jwsition on the road. 

Guard Rail.—In the following data the lalK)r cost alone is 
given, for the materials will vary so much at different times and 
places that any quotations would l>c of little value. 

The style of rail erected is similar to sketch, page 676. Road 
715, 9760 lin. ft. were built at the following cost, according to 
S. O. Steerc, engineer in charge: Post-hole auger diggers and 
ordinary shovels were used; the holes were dug in medium hard 
clay; lalx)r at 20 cts. per hour, foreman $3 per day; unskilled labor 
used in painting fence. 

Digging post holes, setting posts, nailing on rails (erecting fence 
complete): 

Cost. $0.0428 per lineal foot 

Painting three coats. 0.0094 per lineal foot 

Total for erecting and painting $0.0522 per lineal foot 
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Road 5046, W. G. Harger, as engineer. 2448 lin. ft. Built 
by subcontractor, Max Weller. 

Force: Max Weller acted as foreman. In these data he has 
been arbitrarily allowed salary of $4 per day. $4.00 


I helper. 2.50 

I helper. 2.00 

I helper. 1.75 


Cost of erecting and painting complete, per lineal foot 6.6 cts. 

Concrete Shoulders and Slope Protection 1920 
Road I393A, Scottsville-nish 

Concrete shoulders 12" thick. 

112}^: 5 mix (i“bag batch). 

2 strips of concrete 3' wide and 0' wide, 
cu. yd. per lineal foot. 


6 men placing and finishing at 

$5 • 50 

.... $ 33.00 

I boom. . 

5.00. 

5 50 

I drum.. . 

5-50 . 

5 • .SO 

I engineer . 

8.00. 

.. . 8.00 

I fireman . 

5-50 . 

5 -SO 

I hopper . 

6.00 

6.00 

2 cement . 

6.00. 

. . 12.00 

2 sand (wheelers and shovelcrs) 

5-50 . 

11.00 

6 stone (wheelers and shovelcrs) 

5-50 . 

3300 

2 forms. 

5-50 . 

ir .00 

2 grading .. 

.S.50 . . . 

. ... II.00 

I foreman. 

8 00 

. 8.00 


L:i])or total $1^9.50 

Intcrc.st, dci)rcciation, and repairs on mixer allow 20.00 


Total $170.00 

80 cu. yd. placed on an average. 

Cost per cubic yard for labor of placing $2.10. 

Cobble Gutter.—Road 5046, W. G. 1 larger, engineer. 

Labor, 17.5 cts. per hour. Foreman, $3.50 per day. 

Cobbles averaged 6" in size; no sand cushion required, as gutter 
was built in a sand cut. Gutter was laid by ordinary laborers 
using paver’s tools; tamped with a paving rammer, and the top 
voids rilled with No. 2 stone crushed on the job. 

430 sq. yd. were laid at the following cost per square yard: 


Cobbles, free. $0,000 

Loading J-j cu. yd. of cobbles. 0.030 

Hauling cu. yd. of cobbles mile. 0.024 

Laying and tamping. 0.080 

Filler.—Cost of 0.05 cu. yd. No. 2 stone at crusher bin, 

approximately. o. 030 

Hauling 0.05 cu. yd. 1 mile. 0.015 

Spreading and brooming, 0.05 per cu. yd. No. 2 stone 0.010 


Total 


$0.189 
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PAVEMENT MAINTENANCE AND REPAIR COST DATA 
Cost Data on Reshaping Road 

Work was done on Main Street Road 69, Erie County, N. Y., 
between July 15 and Sept. 13, 1907. 

The road had been built as a water-bound macadam. It was 
worn out, particularly in the center. There were few ruts, but the 
road was nearly level; in some stretches the center was lower than 
the sides. It was proposed to reshape the road and to lay a new 
top course treated with tarvia. 

The work of reshaping was done by loosening the old surface with 
spiked wheels of roller; this separated the crust into chunks of 
various sizes which were broken up by men with picks. The stone 
was then raked from the sides to the center, brought to the required 
crown, and rolled ready for the new course of stone. 

The cost of the complete operation included the number of men 
picking and the rollerman’s salary. 

Labor. $0,175 hour 

RoUerman. 0.300 per hour 

The roller was rented at a flat rate of $5 per day, and a portion 
of the time it was used on other parts of the work. This cost plus 
the coal and oil is not included. 

The data were com[)iIed daily, and as the work was performed 
practically every working day between the dates named an average 
of the square yard price should be nearly correct. The highest 
cost on any one day was 6 cU. per s^piare yard, the lowest cost 1.6 
cts. and the general average 3 cts. per S(piare yard. 

Through the courtesy of Halbert P. (iillette,* author of “Hand¬ 
book of Cost Data,” the following is published: 

Cost of Resurfacing Old Limestone Macadam.—“In Engineer¬ 
ing News, June 6, 1901, I gave the following data to show that the 
intermittent method of rc[)airing macadam is the most economic. 
The data were taken from my timel>ooks and can be relied upon as 
being well within the probable cost of similar work done by contract 
under a good foreman. It will be noted that the cost of operating 
the roller is estimated at $ro per day. This includes interest and 
depreciation as well as fuel and cngincman’s wages. 

“The road was worn unevenly, but as it still had suflficicnt metal 
left, very little new metal was added. 

“The roller used was a 12-ton Buffalo Pitts, provided with steel 
picks on the rear wheels. It required 80 hours of rolling with the 
picks in to break up the crust of a surface 19,400 sq. yd. in area, 
240 sq. yd. being loosened per hour. The crust was exceedingly 
hard, and, at times, the picks rode the surface without sinking in, 
so that a lighter roller would probably have been far less efficient. 
In fact, a lo-ton roller had been used a few years previous for the 
same purpose at more than double the expense per square yard, 
I am told. The picks simply open up cracks in the crust to a depth 

* Gillette's Handbook of Cost Data, Myron C. Clark Publishing Company, 
edition of 1907, page 147. Pages 288 and 289, edition of 1910. in slightly differ¬ 
ent form. 
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of about 4", and it is necessary to follow the roller with a gang of 
laborers using hand picks to complete the loosening process. The 
labor of loosening and spreading anew the metal was 1.880 man 
hours, or a trillc more than 10 sq. yd., per man hour. About 60 % of 
this time was spent in picking and 40% in respreading with shovels 
and potato hooks. 

“After the material had been rcsprcad, the short section was 
drenched with a sprinkling cart, water being put on in such abun¬ 
dance that when tlic roller came upon the metal the screenings which 
had settled at the bottom in the spreading process were floated up 
into the interstices. The roller and sprinkling cart were engaged 
only 63 hrs. in this process, 300 sq. yd. being rolled per hour; an 
exceptionally fast rate. The rapidity of rolling was due to four 
factors: (i) the great abundance of water used, the water being a 
very short haul; (2) the unyielding foundation (telford) beneath; 
(3) the abundance of screenings and fine dust, the road not having 
been swept for some time; (4) the great weight of the roller, which 
was run at a high rate of speed. I am not prepared to say that 
longer rolling would not have secured a harder surface, but I doubt 
very much whether it would. The metal, I should add, was hard 
limestone. Summing up, we have the cost of resurfacing the road 
per scjuarc yard to have been as folh)ws: 

Cents per 
Square Yard 


Picking with roller at $i per hour. o 40 

Picking by hand labor at 20 cts. per hour . 1.20 

Respreading by hand labor at 20 cts. per hour.. . 0.80 

Rolling with roller at $i per hour. o 3.^ 

Sprinkling with cart at 40 cts. per hour. 013 

Foreman, 143 hours at 30 cts. tor 10,400 S(|. yd . o 44 

Total. 3 30 


“.Vt this rate a macadam road 16' wide can be resurfaced for a 
little more than $300 per mile. The frequency with which such 
resurfacing is necessary will, of course, depend u[)on several factors, 
chief of which are the amount of tralfic and the quality of the road 
metal. I should say tliat 5 years would not be far from the average 
for a country road built of hard limestone. Unless the road has 
had an excess of metal used in its construction, new metal should be 
added at the time of resurfacing to replace that worn out. 

“ I am unable to see liow any system of continuous repair with its 
puttering work here and there can be as economical as work done 
in the manner above described. I would not be understood, how¬ 
ever, as favoring an entire neglect of the road between repair 
periods. At times of heavy rains and snows, ditches and culverts 
need attention and there should be some one whose duty it is to look 
after such matters. What I do c|ucstion is the economy of having 
a man continuously at work putting in patches upon the road.” 

Recapping. —The cost of recapping with any style of macadam 
is practically the same as original construction for that style of work 
except the item of scarifying and reshaping the old road. 
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COST DATA SURFACE TREATMENT 

It will be noted in the following table that the tendency of surface 
oiling practice is to each year reduce the amount of oil and cover 
used. This is in line with the data set forth in the chapter on 
Maintenance. 

Hot-tar Flush Coats.—The cost of applying hot-tar flush coats by 
hand is practically the same as given for applying bituminous- 
binder penetration method. See page 1169. 

The cost of machine application is given on page 1170. 

Calcium Chloride. —The cost of applying calcium chloride as a 
temporary dust layer on ten miles of road in Monroe County, New 
York, as given by Frank Bristow, First Assistant Engineer, New 
York State Department of Highways, is as follows; 

The material was applied by an ordinary agricultural drill. The 
force used was, i horse and driver, 30 cts. per hour; i helper, 20 cts. 
per hour. No preliminary work of sweeping was done; the material 
was spread on the middle 12' of macadam, using appro.ximately 0.75 
lb. to the square yard, the average speed being 0.5 miles, or 3500 
sq. yd., per day, at a cost of 0.15 cts. per sq. yd. 


Cost of calcium chloride at plant. $13 00 net ton 

Freight. i 60 per ton 

Unloading from cars, appro.ximately... 0.15 per ton 
Hauling 3 miles, approximately. 0.90 per ton 


Total, delivered on road. ^*5 65 per ton 

Total per sejuare yard delivered on road 0.0059 
Labor of spreadi ng. 0.0015 


Total per square yard in place.. $ 0.0074 
Total per mile 12' wide, approximately.$52.00 


Cost of Applying Calcium Cftloride 

Road 5507 Scottsville—Canawagus. Season 1915. W. G. Harger, 

engineer in charge. 

15 tons were applied at the rate of i lb. per square yard on a 16' 
road for $22 or at the rate of $1.50 per ton. 

Force used: i team hauling agricultural plaster spreader. 2 
laborers helping driver. Calcium chloride in metal drums had been 
previously distributed along the road. 

Wages: Team, $5 per day; laborers, $2 per day 

MAINTENANCE AND REPAIR COSTS 

Cold Oiling.—The following data is furnished by Mr. Frank 
Bristow, Supt. of Repairs, Division No. 5, New York State Depart¬ 
ment of Highways. The work was done in 1910. Labor averaged 
$0.20 per hour; teams, I0.50 per hour. 

Oiling. Actual Cost Data.— No. 6 stock or 65% asphaltic base 
oils applied cold by Studebaker Oiler upon ma^am road which 
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had been swept by horse sweeper, oil being broomed by hand where 
necessary and then covered by a thin coat of dustless screenings, 
or gravel, spread by hand. 

The labor costs include pumping oil from the car tank, hauling 
same to road, applying same, sweeping road and spreading screen¬ 
ings; also, demurrage on cars and moving tools and repairs, but 
not cost of the plant 

Table 221 




Average cost of 
materials 

Average 
Quantities of 
Materials Used 

A\’c»agc Cost 

County 

No. Jobs 
Av-erage 

Avenge 
Haul. Miles 

11 

5“ 

0° 

Cover per Cu. 
Yd. Along Road 

Gallon-S 
per Sq. Y'd. 

U • 

d ■ 

uH 

Labor per 

Sq. Yd. 

Total Labor 
and Material 
per Sq, Yd, 

Orleans. 


2.48 

$0.0435 

$1.82 

0.42 

0 

0 

6 

$0.0x3 

$0,057 

Niagara. 

4 

2.34 

0.042s 

X.57 

0.43 

0.016 

0.014 

0.057 

Erie. 

T2 

2.00 

0.0437 

1.S8 

0.34 

0.012 

0.007 

0 045 

Erie 

3 

•141 

0.0455 

i.8j 

0.42 

0.015 

0.019 

0.0<;6 


Other information would show that cost per mile to sweep average 
road is $8.3.^; cost i>cr gallon applying oil 0.75 cts.; cost all labor 
sweeping, hauling, applying oil and cover about 25 cts. per gallon 
used. 

Table 221/I.— Drs'isiON 7 New York State Department of 
Highways. 

H. G. Hotchkiss, Superintendent of Maintenance 
Cost data for oiling, surface treatment 1915 


Miles 

No. 

Sq. Yds. 

Kin«l 

Bit. Alat. 

GaU. 

per 

Sq. Yd. 

No. Tons 
of Cover 
per Mile 

ToL.'ilCi>st 

I>cr 

S(i. Yd. 

Total Av. 
Cost wr 
Sq. Vd. 

Co.st per 
Mile 16' 
Surface 

ao.<4 

83.63 

t7.7S 

1994 

21.47 

16.3a 

23.51 

41.09 

*5.44 

13.42 

17.10 

X46734 

172775 

200995 

100925 

im6oi 

382430 

126657 

126056 

143846 

C. 0. 

C. 0. 

c. 0. 

C. 0. 

C. 0. 

C. 0. 

L, C. 0. 
L, C. 0. 
H. C. T. 
H. C. T. 
L. C T. 

0.25 

0.25 

0.24 

0.19 

0.19 

0.38 

0.20 

0.20 

0.25 

0.25 

0.25 

ra 

0.0344 

0.0250 

0.0237 

0.0189 

0.0:64 

o.02vH7 

0.019s 

0.0177 

0.0323 

0.0337 1 

oojig 

0.026 

0.0183 

0.0330 

0.031 g 

244.06 

171.78 

309.77 

29645 
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Table 221B . —Dwision 7 New York State Department op 
Highways 

Cost data repainting and rebuilding guard rail 1914 


No. Lin, Ft. 

Cost 1 

No. Lin. Ft. 

Cost 

Painted One Coat 

per Lin. Ft. 

Painted Two Coats 

per Lin. Ft. 

15325 

$0.0212 

26428 

$0.0425 

79925 

0-0233 ; 

8433 

0.0360 

17486 

0.0251 i 

12824 

0.0352 

42027 

0.0264 

13160 

0.0442 

Rebuilding Wi>)den 

Rebuilding Concrete 

Guard Rail 

Guard Rail 

No. Lin. Ft. 

Cost per Ft. 

No. Lin. Ft. 

Cost per Ft. 

160 

0.219 

100 

$0.S96 

554 

0. 189 

335 

0.764 

360 

0 200 



212 

0 141 






Cost Data vSt.jiKAt e Tkkatmknt with Oil and Tai 
New York State Department of Highways Division No. 
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OVER 500 Miles ok Road 
Division 7 

New York State Commission of Highw;avs 
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CULVERT AND BRIDGE COST DATA 


Culverts 

The following data will help in estimating the cost of small con¬ 
crete jobs, such as culverts, walls, etc. This data was collected by 
Mr. E. E. Kidder during the season of 1908. 

Cost Data Small Culverts 


Forms (labor). 

Lumber. 

I’cr Cu. Yd 

. So.58 

... 0 50 

^Labor, mi.xing, and placing. 

. I . 18 

‘Foreman. 

. 0.20 

‘Broken stone, at crusher. . 

0.90 

‘Hauling stone, one mile 

. 0.30 

Sand at pit at 65 cts. per cu. yd. 

. 0.32 

Hauling sand six miles . 

0.75 

‘Taking down forms .... 

. O.IO 

Cement at culverts. 

. 2.00 

Total. 

$6 83 


Labor, $0.15 per hour. 

Concrete, hand-mixed. 

200 cu. yd., placc<i in small culverts, averaging 12 to 15 cu. 

yd. each. 

Note. —The lalx»r of placing the concrete is customarily sublet to 
masons for $2,00 [xrr cu. yd. 

Small Culverts 

Java Center Road, (ieorge .\. Wellman, Engineer. 

One hundred and sixty-one cu. yd. of concrete in culverts, 
averaging 12 to 20 cu. yd. each. 

Boulders were embedded in the third-class concrete. Water 
only had to be hauled for 30 cu. yd. of concrete. 


Item Total 

Quality 

Cement . . 138 bbl. 

*Sand. 60 cu. yd. 

Crushed stone 130 “ 

Lumber.. . 3 iM. 


Materials 

Unit Total j 

Cost Cost I 

$1.12.. $154 561 

I.00.. 60 ocj 

1.55.. 201.50 

30.00.. 90.00’ 


Amt. per Cu. Yd 
of concrete 

Material Costs 
0.86 bbl. $0.96 
0.37 cu. yd. 0.37 
0.80 “ “ 1.24 

. o 56 


Total 


*3 »3 


Costs arc f.o.b. unloading point; teaming of material included 
in the labor cost given below, except for sand, which cost $1.00 
delivered on the job. Concrete mixed and placed by hand* 

* Items accurate; other items approximately correct. 
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It«m 


Cost of Labor and Teaming 


Per Cu. 

Total Yd. of Con¬ 
crete 


Foreman . $93.00_$0.58 

Labor, unloading stone from cars. 20.00.. .0.12 

Mixing, placing concrete, and removing forms 204.00. ... 1.27 

Carpenters, building forms. 75.00. ... o. 47 

Teaming. 1S2 00 ... 1.13 


'I'otal Labor. . . $3.57 

Total Material . 313 


Total . ..$6.70 


Labor.$0. i 75 per hour 

Teams. 0.50 ‘‘ “ 

Carpenters. ... ... 0.25 “ “ 

Foreman. 0.30 “ “ 


Small Span Concrete Arch.—The following information of 
I'ost of i9-ft. span concrete arch was given by Mr. Charles M. 
Edwards, First Assistant Engineer, New York State Depart¬ 
ment of Highways. Arch was built at Pembroke, N. Y., by 
a contractor who was crushing stone at a quarry about one-half 
mile from the work. Cement was hauled three-quarters of a 
mile. For tlie concrete a mixture of one part Portland cement, 
two parts sand, and Umx parts stone was used. The old masonry 
abutments and wings were left in place and faced with 8 inches 
of concrete held by dowels. The quantities were: Concrete, 120 
cu. yd.; steel bars, 4500 lb.; pipe railing, 200 lin. feet. The 
cost of the work was as follows: 


Lumber, including arch centers . 

Steel . 

Cement. 

Stone. 

Dust and sand. 

Railing. 

Labor. 


$ 156.00 on job 
106.00 “ 

137.00 on siding, f.o.b. 
240.00 on job 
90.00 

78.00 f.o.b. siding 
300.00 


Total. $1107.00 

Omitting the cost of railing tliis figure gives a cost of $8.57 
f>er cu. yd. of concrete, including steel. I'his cost docs not in¬ 
clude salvage of lumber or overhead expenses of any kind. The 
contractor received $1500.00 for the work, including the earth 
idling, for which he used quarry strippings. This filling cost 
alxiut $50.00. 

' The iiand on thia job coat practically nothing but we have placed the cost 
at li.oo in order to avoid a misleading item. 
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Cost Data (1924 Cost Conditions) Lock-joint Cast-iron Pipe 
Approximate cost f.o.b. smtch North eastern States: 


Diameter 


Per Foot 


14". 

16". 

18". 

20". 

24" 

30". 


$2.45 

2.65 
3 ‘ 26 

3 67 

4 

() 52 

5 97 


Averaging cost hauling and installing exclusive of trench 
excavation. 


Diameter 


12". 
16". 
18". 



Profit item from 20 to 60 cts. per foot. 


Per Foot 
$0.10 
o. 15 
o. 20 
0.25 
0.30 
0-35 


Bridge Foundation Excavation 
Road iQi. Season of 1926 (Ilinman) 

Common labor rate 50 cts. per hour. 

400 cu. yd. foundation pit excavation in gravelly loam soil 
taken out by hand, rock, pick, shovel, bars and wheeled out of pit 
with wheelbarrows for $2.70 per cubic yard exclusive of overhead 
charges. 


Pile Driving 
Hinman (1926) 

Road loi, New York State.—2000 lin. ft. piles driven by 1800- 
lb. drop hammer, steam hoist rig. Average penetration i" per 
blow; piles 25' long in leads. Average cutoff 4'. Cost to dnve 
$i .50 per foot of pile ordered in leads including all overhead charges, 
1926 cost conditions. Poorly equipped and poorly managed job. 

Average cost of suitable timber piles in this locality delivered on 
work 40 cts. per linear foot for piles less than 30' total length. 

Ordinary bid prices for small bridges in Western New York, 
80 cts. to 11.20 linear foot of timber piles. 




















Cost Data on Bridge i R.C. 1493 H-iSS 
(45' span steel I-beam bridge with concrete jack arch floor'i 
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Cost Data Bridge Maintenance 

Steel Bridges. 

Paint every 2 to 4 years depending on moisture and gas con- 
(li lions. 

Cost of painting (i923): 

Labor $2.50 per ton per coat. 

Paint 80 cts. to $1.30 p>er ton of steel per coat. 

(See also p. 1235 for more detail data.) 

Life of Steel Bridges. 

Well maintained, 50 years or more. 

Poorly maintained, 20 years or less. 

Floors. 

Life of plank .5 years average. 

Life of concrete 8 to 15 years. 

Life of bituminous concrete . 8 to 15 years. 

Reflooring Barge Canal Bridges (1925) Western New York 

Lumber, SOo per M ft. b.m. 

Carpenter work, $20 per M ft. b.m 

Total per M ft. new lloor, $80. 

Moors last about 5 years. 

\oTK. —Where floors arc strengthened by adding extra timber stringers, 
caps and bracing, earpientcr work will rvm from #30 to J40 per M ft. B.M. 

Dismantling Old Steel Bridge Superstmetm^s, $10 per ton when 
sold as junk. $35 per ton old pin connected trusses to l)e reerected. 

Amount of Paint Required on Flat Surfaces 

Large variations in amount due to porosity of surface kind of 
paint and e.vpertness of painter. P'or average conditions i gallon 
of paint should cover approximately 200 sq. ft. with two coats 01 
paint. 

Pay-roll and Material Accounts 

Page 1234 shows largest weekly pay rolls for 2 months’ duration, 
plant values, an<l speeds of work for fourteen macadam roads in 
New' York State built in 1914. At the present time these pay rolls 
would be two to three limes as much and the equipment approxi¬ 
mately as shown on pages i2<)i to 1264. 

Prom thc.se data and others such as general contractors’ associa¬ 
tion published data, it is reasonable to assume that a contractor 
has tied up, outside of money on plant and materials, from $10,000 
to $25,000 for the full length of time the work is in progress and for 
short periods as high as $30,000 to $60,000 for the ordinary rural 
pavement job (5-mile length, 1926 cost conditions). 

If cost of materials and freijjht increase, there may be the neces¬ 
sity of banking accommodations up to approximately $100,000 
for a short time on 5-miIc concrete pavement jobs and up to 
$So,ooo on 5-milc macadam jobs. 

(text continued on page 1238.) 




1232 


COST DATA 


New York State Barge Canal Division 4 

Painting bridges, season 1925 (force account) (highway bridges) 
steel cleaned bare steel i coat of red lead i finish coat black paint 


Hulberton Lift Bridge 191. 

Labor. 9 7('i 00 

Material. 118 S5 


Holley Lift Bridge 187. 

Labor. $ 903.00 

Material. 130-63 


Middle port Lift Bridge a 16. 

Labor. 1 1846.00 

Material. aSS 80 


A/feioK Lift Bridge 199. 

Lalx)r. $2,259 44 

Matenal. 238 83 


Albion Lift Bridge 200. 

Labor . $ 903 00 

Material. 205 45 


Spier’s Bridge 170. 

Labor. $ 385,00 

Material.... 34-32 


Mitchell’s Bridge 136. 

Labor . $ 242.00 

Material. 41-35 


Lyell Road Bridge i<>6. 

Labor. f 123.00 

Material. 26.08 


Buffalo Road Bridge 165. 

Labor. $ 383.00 

Material. 29.22 


Clinton Ave. Bridge 144. 

Labor. f 584.00 

Material,. 137-24 


IVinton Road Bridge 143. 

. f 344 00 

Material.... in 45 


Lee Road Bridge 169 

Labor.. $ 422.00 

Material. 49 42 


879.5s 




« ___ 

■“-DC g-C* 

Sf 2-6'5§ 

UJ o c jC o 

t/t ^ ^ ^ 

o w 


1033.63 


2101.86 


2498.27 


1108.4s 


1 ^ i 

Y'C 0 - 


383.25 


149.98 


412.22 


721.24 


360.45 


Poor condition 
25 % steel bare 
140 tons steel 
$6.30 per ton 

Bad condition 
40% sled bare 
102 tons steel 
$10 per ton 

Bad contlition 
60 steel hare 
214 tons .steel 
$10 per ton 

Bad condition 
70 % steel bare 
110 tons steel 
$22 per ton 

Bad condition 
40% steel bare 
107 tons 
$23 per ton 

Pair condition 
15 Vo steel bare 
60 tons 

$7 per ton 

Bad condition 
30% .sled bare 
52 tons 
$5.59 p«r ton 

Bad condition 
40 ' p steel bare 
5 3 lon.s 
$2.80 per ton 

Bad condition 
50 steel bare 
58 tons 
l 7 .10 per ton 

Poor condition 
25 % steel bare 
75 tons 
I9.60 per ton 

Poor condition 
25 % bare 
75 ton* 

$4.80 per ton 


Bad condition 
40% steel bare 
471.42 85 tons 

tS-SO per ton 
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Pine Street Pridfte, Ijyckport, 
23a. 

Labor. I30S1.SO 

Material. 451.52 


3503.02 


Lake Avenue Bridae, Lockport, \ 

228. 1 

Labor. ... S i .00 

Material ... 184.26 j 1345,26 


Brooks Avenue Bridge, 161. 
Labor. $ 72 50 


72.50 


Bushnells Basin Guard Gate. f 

Labor . $ 305.50 

Material. 117.64 ! 51314 


Cartersville Guard Gate. 

Labor ... $ 403.00 

Material. 83.5 5 


East Guard Lock. 

Labor I 585.35 

Material. 157.67 


West Guard Lock. 

Labor . I ss8 00 

Material. 169.87 


Spencer port Guard Gate. 

I^abor. $ .^09.00 

Material. 56 91 


i 


o 

c 



Holley Guard Gate. 

Labor $ 26 |.oo 

Material 65,16 


486.55 


743.93 


727.87 


555.91 


339.16 


Gantry Crane, Pitts/ord. 

Labor .. $ 155.00 

Material.. 8.25 


Total amount labor and 
material 


163.25 
$18.878.32 


Bad condition 
65 % steel bare 

i oo tons 
8.80 per ton 


Poor condition 
30% steel bare 
80 tons 
$16 .70 per ton 


Fair condition 
10 % steel bare 
100 tons 
70 cts. per ton 

Bad condition 
50 % steel bare 
no tons 
$5 per ton 

Bad condition 
50% steel bare 
110 tons 
$4.70 per ton 

Bad condition 
50% bare 
110 tons 
$7 .30 per ton 

Bad condition 
50% bare 
no tons 
l 7 .20 per ton 








Speed of Work, Value of Plant, Force Account. Summary op Plants and Force Accounts 
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Note.—To accompany text page 1231. 














Division 4.- JiAR(.K Canal Stricturks Taintinc; ^ 
Recommended 1924 work. Force account work 
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Graphite bridge paint 2 00 per gallon 

Quantity estimate: o.s gal- red lead per ton actually painted. 

0.4 gal. per ton first coat graphite paint, 
o 3 gal. per ton second coat graphite paint. 
2 to tons painted or scraped per man-day, 
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For the purposes of engineering estimates of cost, interest on 
banking accommodations can be figured for the prevailing interest 
rate for this kind of accommodation on the basis of $50,000 for 
6 months for 18' width of concrete pavement jobs 5 miles long and 
$40,000 for 18' width of macadams, pavement 5 miles long which 
amounts to approximately $300 to $400 per mile for interest on pay 
roll, freight, and materials. 

Bonds and Liability Insurance. —There is considerable fluctua¬ 
tion in the rates for these items of cost, and the engineer should 
use the prevailing rates for his territory and class of work bein': 
done. The dilTcrent ty]>es of bond and liability insurance arc 
described briefly. The prevailing rates for rural pavement work 
in Xew York in 1926 are as follows: 

Performance lx)nd ... 0.5% to 2.0^. of contract price 

Compens<'ition-insurance (lalxir) 4 to 5'c of pay roll 

Public liability.. ... of pay roll 

Automobile liability on trucks . . . $40 per Ford truck per year 

The cost estimates in this chapter are based on allowing lo^'c of 
pay-roll cost for bonds, insurance, etc. 

BONDS 

Bonds are divided into three general cla.sses: fidelity, judicial 
and surety. 

A fidelity l>ond guarantees the honesty of persons. 

A judicial b<jnd guarantees the honesty and performame of legal 
obligations. 

A surety bond guarantees the performance of an agreement or 
contract. 

Each of the above divisions covers a number of subdivisions and 
classifications. 

If all highway work, either construction or maintenance, tou( bed 
upon from other viewpoints in this Ixiok, were performed by con¬ 
tract, there would be no need of mentioning any form of Ixmd but 
the surety, but because in the past few years certain political sub¬ 
divisions, such as counties and towns, have developed their own 
construction and maintenance forces, thcrel>y [icrforming the work 
directly and under the supervision of elected or amniinted officers, 
a short description of all tyf)es of bonds with their approximate 
costs is included. 

Fidelity Bonds 

Fidelity. Individuals .—This type of Ix^nd covers the executive 
officers of corporations, assistant executive oflirers, managers 
and superintendent of stores, buildings and industrial operations, 
bookkeepers, cashiers, clerks, salesmen, officers and members of 
organizations, associations (fraternal, beneficial, labor, etc.), 
building loan associations, cooperative companies. 

Schmule .—Where six or more persons arc to be covered, and 
where the surety amounts to $20,000 or over, a schedule bond may 
be issued. This form may be used in connection with banks, 
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large mercantile establishments, industrial operations, associations 
of all kinds (fraternal, beneficial, or otherwise). Special rates 
cover each classitication. 

Position Form .—This bond is a form that covers the position 
and does not name the person. 

Bankers^ Blanket .—This is a special form for banks, investment 
houses, stock brokers, etc. and is issued in lump sum. It protects 
the bank not only from dishonesty but from other hazards such as 
holdup, robbery, burglary, mysterious disappearance, etc. The 
rates are based upon the amount of insurance, numlier of employees, 
form of bond etc., and the cost of such a bond is purely individual 
and based on all circumstances connected with its issue. 

Judicial Bonds 

All court bonds such as administrators, guardians, committees, 
receivers in bankruptcy, trustees and also release of attachment, 
replevin, stay of execution or any bond given to court to guarantee 
piayment before undertaking penalty or obligation in connection 
with court action, indemnity to sheriff, or otlur public olTicers. 

Surety Bonds 

C'onstruction, supply, maintenance, proposal or bid bonds, etc. 

Miscellaneous Bonds 

FrciglU charges, indemnity bonds, lease bonds, lien bonds, 
refilacement Ixiiuls, lost securities, etc. 

Depository Bonds 

Banks, government, state, county, city, and other municipalities. 

License Bonds 

(Government, state, city, town, and village. Bonds required by 
various cities, towns, and villages for use of streets, construction 
of vaults, employment agencies, detective agencies, explosives, 
gasoline tanks, boxing clubs, etc. 

Federal Bonds 

Various forms required by the United States Government such 
as prohibition, use of intoxicating liquors, manufacturing of non¬ 
alcoholic beverages, warehouse bonds, custom house bonds cover¬ 
ing foreign shipments, immigrant bonds, etc. 

I'.xcept for surety bonds covering construction contracts in 
Class A and Cla.ss B hereinafter defined in New York State and 
alst) for New York Cdty, the other types of bonds mentioned above 
are subject to a considerable variation in cost, and therefore general 
statements as to rates and premiums arc confined to the surety 
l)onds to ('lass A and (.'lass B t^'pKS, commonly known as contract 
bonds and defined as follows. 

Contract Bond Rates. —Contract bon<ls may be divided into 
general classes of construction A and B; suppl; ; propxisal; main¬ 
tenance; construction and maintenance; suppily and maintenance; 
paving; bridge building; dredging; indemnity bonds; lease bonds: 
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lien bonds; replacement bonds; city contract bonds; timber cutting 
bonds; U. S. Mail bonds; printing and engraving bonds. 

Construction Class A covers all contracts wherein the material, 
machinery, or device is to be installed, and the work on the premises 
covers merely the installation of the plant or machinery, such as 
automatic telephone exchange equipment, coal storage and coal 
handling machinery, furnishing and installing building elevators, 
machinery made to special order or design; refrigeration plants on 
land; signal towers on railroads, standpiiK's and water towers; 
quarrying and furnishing of stone for buildings, breakwaters, 
etc. or for the incorporation of stone in buildings. 

The rate for Class A construction contracts as above outlined, 
covering all public contracts in New York City which may be let 
by all departments of the state government including tlie state 
architect, the department of public works, the conservation com¬ 
mission, the various state park commissions and to include public 
work for counties, cities, towns, villages, school districts and boards 
of education where the form of contract and Ijond does not make 
the surety liable to a direct action for the contractor’s indebtedness 
for labor and material is one-half of per annum on the contract 
price. 

Construction Class B covers general contracts such as filtration 
plants; buildings; dams; water work^^; sewage-tii.sj^osal plants; barge 
canals; breakwaters; foundations; locks; masonry; piers; highway 
construction, etc. 

The rate for Class B construction contracts as above outlined 
for above contracts under the supervision of the same }X)litical 
and departmental subdivisions given above is i*?; of the contract 
price for any period up to 24 months. Annual renewal thereafter 
IS one-half of i^l of tne contract price. 

As an exception to above, the New York Slate architect’s form 
of bond takes a rate of $20 per thousand on amount of contract 
for term of 2 years which includes i year’s maintenance. Renewal 
premium at the rate of $10 per thousand [)cr annum. 

New York State Barge Canal contracts take a rate of $15 per 
thousand on the amount of contract for term of 2 years. The 
labor bond is included without extra charge. 

Paving contracts for incorporated villages and cities take a rate 
of $10 per thousand per annum on the amount of contract. 

Maintenance on same is $2 per thousand per annum on the value 
of work guaranteed. 

In New York City contracts, all departments of the New York 
City government including all boroughs, boards, and commissions, 
except the Board of Transportation, take the following rates; 
Construction contracts Class A one-half of 1% per annum on the 
contract price. Construction contracts Class B 1% of the contract 
price for any period up to 24 months, and annual renewal thereafter 
one-half of 1% of the contract price. 

Bridge contracts take the same rate as Gass B construction, but 
separate contracts for steel and iron tonnai^c onl^, for refiooring 
and repairing superstructure only, and for including assembly or 
erection take the rate of $7.50 per thousand on contract price. 
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Separate contracts for furnishing and delivering metal super¬ 
structure only, without assembly or erection, are at the rate of 
$2.50 per thousand on contract price. 

Dredging contracts, for river and harbor work for the United 
States Government, tidewater dredging, and dredging on the Great 
i.akcs carry a flat premium of $7.50 per thousand on amount of 
contract. 

Drainage ditches and all inland dredging or ditching done with 
a floating or j^ower dredge carry a flat premium of 1^% on the 
contract price. 

In bid or proposal bonds, the rate for construction contracts not 
exceeding $2500 is 20 cts. per hundred on price bid; minimum 
premium Si. I'or construction contracts of $2500 or more, rate 
of bid or proposal bond is $5 each. 

Where no corfX)rate surety bond has been required for either 
supply or construction contract, maintenance bonds covering 
material already supplied or work already completed carry a rate 
of three-fourths of 1% per annum for the amount of penalty on 
bond. Minimum premium is $7.50 for term. 

The regular con.stniction rate is charged for performance and 
maintenance. Rate begins immediately u{x)n completion. 

Indemnity Bonds 

For bonds to indemnify public ofhcials for payment of retaining 
percentages on completed construction work, where pa>Tnent is 
otherwise delayed, tne rate is I' o ou amount of bond for its full 
term. 

Lien Bonds 

Separate bond not guaranteeing completion but guaranteeing^ 
owner, lender, mortgagee, or lessee against any liens being filed 
on building or improvement, where lx)nd is given before the com¬ 
mencement of construction or improvement, or near the commence¬ 
ment of such w’ork, and where at the date of bond no liens have been 
filed, carry a rate of $10 per thousand on amount of bond for its 
term. 

Where bond is given at or after completion of work, or when 
work is so advanced that only final payment remains to be paid 
and at date of bond no liens have been filed, the rate is $5 per 
thousand on amount of bond. 

Bonds given to release mechanics or material men’s liens, lien 
of judgment, or any other liens which have been filed against 
building or other improvement are classified as court bonds, and 
the rate is $10 per thousand per annum on amount of bond. 

SIDEWALK BONDS 

Classified as Construction 

Sidewalk bonds are for performance of contract, cither to munic¬ 
ipality or private parties. The rates arc as follows: 

Performance I7.50 per thousand on contract price. 

Maintenance 1.50 per thousand on contract price per annum. 
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One year maintenance only, no charge. 

0 \’er I year maintenance, premium covers every year of mainte¬ 
nance including the first year. 


WORKMEN’S COMPENSATION INSURANCE 

Coverage. —Workmen’s Compcnsalion Insurance covers the 
obligation imposed by law uf>on the employer for compensation 
or damages for personal injurie:^ to an tniploNee arising out of and 
in the course oi his employment; al>o the obligation assumed by 
an employer to pay to injured employees or their dependents the 
benefits provided under the Workmen’s (Compensation Law. 

The Workmen’s Compensation j)olicy al>o covers liability 
imposed upon an employer for injuries sustained by em[)loyecs l>y 
reason of the negligence of the employer when such injuries are 
not compensatory under any workmen’s compensation law. This 
also includes payment of medical, doctor, and hospital bills. 

Rates. —Rates for ditTcrent classes of operation may be found 
in the Workmen’s ('ompensiition manual, which gives a complete 
general classification of all labor. Kach class has a ditTcrent rate 
per hundred of pay roll, and a policy covering such insurance is 
issued for i year. Pay rolls are sul)mitted to the insurance Com¬ 
pany’s auditor, classification talked over with the contractor, 
and the rates for each applied, and the premium is basetl upon the 
entire pay roll. 


PUBLIC LIABILITY INSURANCE 

Coverage. —This form of insurame provides indemnity for the 
assured, against loss by reason of lii> legal liability to i)ersons, other 
than employees, on account c)f construction operations performed 
by independent contractors or subcontractors for the owner or 
contractor. Employees arc protected under Workmen’s Com¬ 
pensation Insurance. 

This insurance is ordinarily writ^n at a $5000 limit for one fK*rson 
and $10,000 for more than one person. If protection is desired for 
an additional number of {>ersons, the rates increase by a sliding 
percentage scale. 

The minimum premium for a contractor’s protective public 
liability insurance policy is $20 per year. 

Rates. — In contractors’ protective or contingent public liability 
insurance, the rates are based on a total cost of all work let or 
sublet in connection with each specific contract including costs of 
all labor, materials and equipment furni.shcd, used, or delivered 
for use in the execution of such work, whether furnished by the 
owner, contractor, or subcontractor, as well as allowances, bonuses 
or commissions, made, paid, or due, at the following rates: 

Total cost up to and including $500,000, 10 cts. per hundred. 

Total cost $500,001 up to and including $1,000,000, 6 cts. per 

hundred. 

Total cost in excess of $1,000,000, 4 cts. per hundred. 
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HIGHWAY EQUIPMENT^ 

General Introduction. —Just by way of contrasting a 1926 plant, 
the writer wishes to enumerate the equipment used on the lirst 
contract with which he was connected during the summer of 1900. 

I'his particular piece of highway improvement was a water- 
bound macadam, 16' wide 6" thick, built in two courses of 3" each 
in depth after consolidation. It included practically all of the 
preliminary work which has to be done on a present-day contract. 
The alignment was stacked out to tangents and regular curves as 
in present-day methods, except that curves were not banked, 
the ditches were dug to line a grade, the drainage structure placed 
as called for by the plans and, in short, except for the equipment 
used and the thickness and depth of road metal, there was no 
dilTerencc between present-day construction, except in the amount 
of mechanical equipment. 

The list is given herewith: 


r steam roller at an approximate cost of. $2500.00 

I horse-drawn water tank for roller. ... . 150.00 

10 doz. picks. . .. 120.00 

10 do^, shovels. 120.00 

1 do/s. sledges. .... 15.00 

2 kna[>ping hammers. 2 00 

2 doz, iron pins for grade lines 2.50 

2 Ooo-gal. sprinkling wagons at $300 each 600.00 


The above equipment plus the necessary pails, trowels, grading 
string, and small incidentals were the only preliminary investments 
which the contractor had to make inasmuch as the commissary 
houses were built and paid for by the padrone who furnished the 
lalx)r. 

Labor was cheap and plentiful. As the author remembers it, the 
wages paid ran from 13 ‘'4 cts. ]kt hour for common labor to 30 
cts. per hour to foremen. Carpenters were paid about 25 cts. per 
hour and inasmuch as teams could be hired at 35 cts. per hour 
including the driver, and slat dump wagons furnished by the owner, 
the contractor had no hauling equipment to buy. 

It is not to be wondered at that, with so small an initial invest¬ 
ment and with labor so cheap, the use of machinery to reduce costs 
was considered highly theoretical and scarcely to the liking of 
ex|)crienced contractors. 

Ihc excavation of cuts and the placing of the material in fills 
with a three-haul limit of 2000' w^as done slowly and methodically 
by hand sho\ els, the dumped material spread with either shovels 
or rakes into 6" la\ ers. There was not even a slip scrajx'r, wheeled 
scraper, or a road machine utilized on the entire 4-milc contract. 

Tne first break away from these old-fashioned ideas, within the 
writer's experience which was largely confined to western New 

* E. A. Bonney has supplied the general discu.ssion of this item and the 
detailed dc.scription of tne common units of equipment. W. G. Hargcr 
has compiled the rental schedules and the approximate overhead equipment 
charges for unit price estimates. 
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York, came in 1910 in the substitution of bottom dump wagons for 
slat wagons, and he well remembers the stock arguments which 
contractors and owners of teams would give the salesmen for dump 
wagons; that the team was too far from the load that they drew, 
that the horses could not stand the extra strain, that the team 
would be throwm by the sudden dropping of the load, etc. 

It was not until the war conditions of 1916 to 1921, when lal)or 
w^as scarce, ineffective, and highly paid, that serious consideration 
was given to the creation of portable mechanical units to take the 
place of hand labor. Steam shovels had been used for years on 
heavy work but were generally mounted on railroad wheels and 
built in sizes which precluded their i>assage over highway bridges 
of ordinary strength. 

The development of the gas engine, both for motor trucks and in 
an industrial way for power units, kept pace with the scarcity of 
labor; and within the last 10 years the development of mechanical 
equipment has been so rapid that present-day contracts are carried 
on with a much smaller labor cost than ever before. 

A list is herewith given of equipment which can be considered 
as entirely normal to any mo<lern contractor building a road several 
miles long under present-day methods. 


I lo-ton three-wheeled motor roller with scarifier, 

approximate cost. $ 5,500 

I 5-ton thrcc-wheelcd motor roller with planer and 

scarifier, approximate cost. 2,500 

I motor-driven concrete mixer, caterpillar tread. 7.500 

1 motor-driven shovel, J.i-yd. bucket. 12,000 

8 2-yd. motor trucks with dump bodies at $5000 each.. . 24,000 

2 miles of 2'' water pii)c with necessary unions, tees, and 

valves at 20 cts. per foot. 2,000 

I motor-driven crane for unloading and storing materials 4,500 
3000 lin. ft. of steel interlocking forms at 80 cts. per foot 2,400 

I motor grader...... 2,400 

I high-pressure water pump with gasoline engine. 1,200 

Necessary small tools, hammers, shovels, rakes etc.... .... 


If the contract in question is to be constructed from local stone, 
the items in the alwve plant would be reduced by eliminating the 
loading crane, but increased by the addition of a crusher, elevator, 
screen, and bins. In all probability an additional elevator and 
screen would be needed for the sand bank, with p>owcr to drive 
both units. It is obvious that with a reduction of 50% in the 
labor charge, an increase of several hundred per cent has occurred 
in the quantity of eauipment needed. 

In the modem metnod of handling highway work, however, there 
arc additional viewpoints which must be considered and which 
arc made possible by the use of equipment. The present-day 
contractor wishes to average to 3 miles of road per month, 
whereas the old-time contractors, even the best of them, were 
satisfied with 6 or 7 miles per season. The traveling public 
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demands speed, and without mechanical equipment this speed 
could not be accomplished. It not onjy hastens the delivery and 
placing of materials, but in these very acts a modem plant function¬ 
ing properly seems to speed up and maintain at a nigher average 
the remaining labor element. 

As an example, take the item of earth excavation. Present-day 
practice puts a steam or gas shovel through all cuts from 18" up, 
the shovel feeding the motor trucks on which within the last 2 
years the use of pneumatic tires is rapidly increasing. The dump¬ 
ing for the fill is taken at the point nearest the shovel so that tne 
loaded trucks arc running over the new lill as the work progresses, 
giving a consolidation which cannot be equaled by any roller. 
The dump IkkIIcs are designed to spread the load as the truck 
moves forward, thus eliminating almost entirely the necessity for 
labor on the fill. .\ motor grader, cither on rubber tires or w ith a 
crawler tread, works continuously on the new grade as it is built 
up or cut down. 'Hie lo-ton gasoline-driven roller is put into 
operation within 2 or min and follows the rough grading opera¬ 
tion of the trucks and rhotor grader for the proper consolidation. 
When the rough grading is complete, the heavier roller is laid aside 
and the fuie grade largely finished with the use of a motor grader 
or a 5-ton gasoline-driven roller equipped w ith a j>laner and scarifier. 

When suOicient line grading has been performed and the concrete 
pavement started, partitions are installed in the dump trucks so 
that measured batches of stone and sand can be dumped directly 
into the hopper of fhe mixer. Portable turntables are provided 
so that the trucks will not have to turn around a long distance 
from the mixer and back up to it; the cement can be loaded directly 
to the mixer. 'I'he surface of the concrete pavement is oftentimes 
finished by mechanical and power-driven screeds. Water is 
provided at the mixer by a high-pressure pump and pipe line, and 
the work progresses at an average s{>ccd w hich was not even thought 
of 10 years ago. 

If the pavement has been covered with a coating of earth for 
protection and curing, this is later removed without hand labor by 
the use of a jxiwcr grader or a light road machine drawm by a 
small tractor. In many instances the shoulders are built in the 
same manner and rolled with the small 5-ton roller. 

The present-day methods practically exclude hand labor except 
on the fine grade, the placing of forms, the distribution of concrete 
at the mixer, and the covering of the finished concrete after the 
initial set together with the installation of culverts and the erection 
of guard rails and signs. 

This tendency toward the use of equipment in a much larger 
way than in the earlier days has proved its value to the public w'ho 
use and pay for the highways and to that percentage of the con¬ 
tracting fraternity who have proved its value to themselves. This 
same percentage of contractors who have brought the use of 
mechanical means to its present-day development are of the type 
of men who would have succeeded to approximately the same 
degree of success in any other line which they might have elected 
to make a life work. 
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In other words the building of highways by contract has become 
a specialty business, and the contrast between the fit and the 
unfit is even more plainly marked than similar contrasts in medi¬ 
cine, law, and general business. The requirements of present- 
day contracts should and do exclude the men working with little 
or no capital, the inexperienced and the proven failure. The 
initial investment is such that a man without capital never has 
an even chance, except under very unusual circumstances. He 
cannot obtain a contract award and buy the necessary equipment 
from the earnings of the job as he could years ago. He should be 
fitted with tools at the start v.hich will allow him to perform the 
work at item prices as cheaply as his neighbor and competitor. 
It is perfectly obvious that the plant investment outlined above, 
properly to equip a road contract on which the contract price 
may be $250,000, is all out of pro{>ortion to the cost of plant needed 
for the erection of a $250,000 reinforced-concrete building or the 
laving of a $250,000 concrete-pipe sewer. W'e have heard this 
complaint more than once, but it really has no bearing on the 
situation. The work is there to be done and it should be done in 
the cheapest known way. We do not state that it is up to a con¬ 
tractor to buy all of the equipment mentioned; we simply say that 
he needs it. If he can rent any or all of the equipment at a price 
which will be cheaper for him at the end of his fiscal year or at the 
end of the contract than the outright purchase would be, and Siiid 
outright purchase price to include depreciation and interest on 
investment, then let him rent what he needs and be rid of it at the 
end of his contract. 1'his is a question where business training and 
experience enter. We have known contractors who by disregard¬ 
ing the initial investment could show a good f)rofit upon their 
w'ork but went broke at the end of 2 or 5 years simply because of 
depreciation of plant and continued interest charges on their plant 
investment. In other words their jobs were overplanted. In 
closing these general remarks and before going further into itemized 
descriptions on costs and types of plant, we would like to remark 
that it takes a brilliant mind in addition to all other human con¬ 
tracting qualities to enable a man or a corfxiration actively follow¬ 
ing highway contracting to prcxlucc in the 6 or 8 months of good 
working weather what the same type of man in another line of work 
would be content to accumulate in a business year of 12 months. 

Rollers.— I* or many years the steam roller was tlie standard self- 
propelled machine common to all highway work, and at first its 
purpose was simply compression of finished subgradc and the rolling 
of macadam. AlK)Ut 10 years ago, a pressure scarifier, to be 
attached to the rear of the machine for the purj>ose of tearing up the 
roadbed, was perfected, and since that time the greater per cent 
of rollers have been scarifier equipped. The steam roller is gradu¬ 
ally being retired in favor of the motor roller whose advantages 
are obvious, namely, elimination of hauling of coal and water and 
saving of time in stopping and starting the machine morning and 
night. A steam roller necd.s from 40 min. to an hour’s work before 
sufficient steam pressure can be obtaned to run and the fire has 
to be drawn or hanked at night. 
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The motor roller carries suflicient gasoline to operate for a day 
and a half and water for cooling purposes for a week’s operation; 
it can be started within a very few minutes, and when it stops, the 
expense ceases. 

The so-called lo-ton thrce-whcclcd motor rollers without scarifier 
cost approximately S4350 delivered, and with scarifier $55cx>. The 
machines are made in single-cylinder, double-cylinder, and four- 
cylinder motors. The heavy-duty single-cylinder and double¬ 
cylinder machines will probably last longer, as far as the motor is 
concerned, than the four-cylinder units; the motor speed is much 
less with the resulting longer life. There is however, more vibra¬ 
tion in the slow-moving engine. One of the reasons for the rapid 
growth in tlie past few years in the use of four-cylinder machines 
is that the four-cylinder motor is better known to users of other 
motor equipment. More mechanics are familiar with the four- 
cylinder motor, as the construction of these motors is practically 
standard. 

The use of a three-wheeled motor roller lighter than the lo-ton 
size is somewhat of an innovation, but has been adopted by a large 
number of states as standard specification for completion of sub¬ 
grade. The machine is so much smaller than the lo-ton size that 
its advantages in using between the forms ahead of the concrete 
mixer are self-evident. Its use has been increased to a large extent 
by the additi<m of a planer blade on the front and a small scarifier 
on tlie rear, either and both of which arc of great help in the final 
trimming up of subgrade just ahead of the laying of concrete. 

A 5-ton three-wheeled motor roller with planer and scarifier 
costs approximately $2500 delivered. 

Concrete Mixers.—The tendency of the past few years has been 
toward larger and more |K)werful mixers; a gasoline machine of 
crawler t>q>e, six-bag capacity, is the machine most p>opular with 
the present-day contractors. On the present models the stone, sand, 
and cement are generally dumjied direct from the truck into a 
loading skip, .As the skip is raised, water is automatically dis¬ 
charged into the mixing drum, the amount of water to be varied 
to use the material. 'I'he macliines are steered by power operated 
by one man. 'I'he engine is generally a four-cylinder gasoline motor, 
radiator cooled; all gears are encU)Sed; it is equipped with roller 
bearings and lubricated in the automatic way in general use on 
automobile trucks. The [)rice of a machine of this size is $7700 
delivered. 

Steam or Motor Shovels. — .A few years ago before the rapid 
development of the gasoline motor, the use of a power shovel b\' 
highway contractors was not considered unless the excavation 
Quantities ran above 8000 to 10,000 cubic yards per mile of highway. 
At that time it was thought that a face of 4 or 5' in any given cut 
was needed for the economical use of a fmwer shovel, and with the 
old system of hauling material away from the shovel by means of 
horses and wagons, the contractors were probably correct in their 
contention. I'he development of the high-speed smaller truck 
with pneumatic tires with a capacity of from 2 to yd. has 
changed the situation to such an extent that power shovels are 
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now used on any type of excavation where the cut will average 8". 
There never has been any difficulty with getting a power shovel to 
dig, the main difficulty being getting the material away from the 
machine. The use of the fast-moving light trucks has solved the 
problem, and the further development of the shovels themselves 
by equipping with gasoline motors has brought about a tremendous 
impetus in the use of this type machine. 

The shovels are generally equipped with crawler treads, which 
eliminate the necessity for planking ahead of the wheels and enable 
them to work on soft ground. The size bucket varies from 
to Ji 3'd. 

The price of a gasoline shovel of this capacity equipped with 
crawler treads is approximately $12,000 delivered, steam shovels 
running alx>ut two-thirds as much. 

Motor Trucks.—Except where their use is confined to city 
pavements, the 5~ton truck and larger sizes are being superse<led 
to a largo extent by the smaller, (piicker, and K>s costly units of 
2 to 2}'^ tons. 'I'he latter trucks have the same equipment as to 
automatic dump bodies as the heavier machines, but where they 
are used for concrete operations, they handle only two batches 
instead of five or more. They are generally equipf)ed with pneu¬ 
matic tires and are capable of speeds of 25 to 30 miles per hour. 
They are more easily handled on turntables, do not cut up the 
subgrade as much as the large trucks, and in general are easier to 
operate and to keep in running condition. The pneumatic tires 
save repair bills on both the motor and hoisting apparatus. The 
bodies are made in a large number of types but generally arc 
rear dump. A fair average cost for trucks of this kind is $3000 
delivered. 

Crane.—The use of a portable crane is one of the recent develop¬ 
ments brought aU)ut by the necessity for transfer of materials for 
short distances, such as unloading from storage cars to storage 
piles, anrl reloading from storage piles to trucks or measuring bins. 
No contractor at tlie present time wishes to depend ui)on daily 
shipments of stone and sand. He needs a storage pile of each as a 
factor of safrty against the [)o.S‘ibility of non-delivery by the rail¬ 
road, and wi)ilc thi.s means an extra handling of the material, the 
cost is saved by the guarantee of no interruptions. 

One of the most ela.^tic units is shown nerewith in the crane 
mounted on a chassis of a 5-ton truck. The crane itself is driven 
by a .separate engine, the truck motor furnishing only the power for 
traveling. The machine can be utilized in many other ways, namely, 
the pulling of stumps, the handling of heavy timl>ers, unloading 
and laying cast-iron pipe, dig^ng trenches for culverts, etc. The 
price of the crane complete with all attachments ready for mount¬ 
ing on the chassis of the truck is approximately $4650 delivered. 

Graders.—The item of earth excavation in highway contracts 
is one that for many years has been a source of trouble and loss 
to the contractor rather than showing a possibility of profit. Of 
course, where the excavation ran sufficiently high so that most of 
the material could be handled with power shovds and taken away 
by motor trucks, there was less complaint, but on a lighter ezeava- 
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tion running 3000 or 4000 yds. per mile, the work if done by hand 
was almost certain to be a losing item. 

The development of the motor grader has done much to change 
these conditions. The machine weighs from 6000 to 12,000 lb. 
according to size and j>ower; for construction on rough ground it is 
equipped with crawler treads; and it is used continuously in level¬ 
ing the newly dumped material or in combination with a scarifier 
handles light excavating work. Except in the case of the elevating 
grader, it is not intended to pick up the material liut rather to push 
it ahead or to one side, and there are cases where because the exca¬ 
vation in general average thickness was too small for economical 
use of a power shovel, a motor grader was used to windrow the 
excavated material so that the power shovel could pick it up more 
easily. 

Motor graders with rubber-tired equipment run from $1800 
to S3300 according to power plant and weight. In tiie crawler 
type they run from $2100 up to $4300. 'I'he choice of machine 
depends entirely on the amount and character of work to l^e done. 

For maintenance work the rubber-tired equipment works to 
advantage. It can travel faster than the crawler tread, but of 
course its use is pretty well restricted to shoulder work on hard- 
surface roads before scarifying and reshaping on gravel roads. 
No wheeled machine will work satisfactory in sand and it will 
bury itself by its own tractive efforts in mud. 

Road Graders.—A t>pc of machine seldom seen in the eastern 
part of this country, which, however, has widespread use in the 
middle and far west, is the elevating grader. Ihe chief reason for 
its scarcity in the eastern territory is the lack of sulTicient width 
of the highways for economical handling of the machine. It 
(onsists of a plow, cither of the moldboard or disc type, and the 
act of cutting a furrow throws the material on a moving belt which 
casts it to one side, either directly into an embankment or into 
trucks, wagons, or cars. The machine travels ordinarily at the 
rate of i}-i miles per hour, and I'lguring from the length, width, 
and depth of the furrow, theoretically the machine will ueliver 
approximately 1500 cu. yd. of earth in a 10-hr. day. 

Of course not all theories measure up in actual work performed, 
but lx)nafidc estimates and re|M)rts from contractors using the 
machine show an average of 1000 cu. yd. per day in material 
which can be easily plovveil. The elevating grader will do this 
work from onc-fourth to one-third cheaper than the cost of other 
methods. 

Blade Graders.— These machines are intended to supplement 
the use of elevating graders, steam shovels, and all other means 
of handling earth, by cutting oil tlic high sjx^Ls in the grade and 
pushing the material cither forward or to one side into low spots. 
That is a condensed statement of the work which graders perform. 
It is true that they are utilized particularly with a back sloper 
attachment for digging ditches, but the main work of the grader 
will always be the reshaping of sub^radc, either in cut or fill. 

The graders run through all weights from 1000 to 11,000 lb., 
pulled by one team or a lo-ton tractor as limits. They run in 



1250 


COST DATA 


price from $150 to S2500 according to equipment. More modern 
machines have leaning wheels, Timken roller bearings, and some* 
times attached scarifiers. When used for maintenance work, 
thev' are often equipped with rubber tires. 

Water Pumps. —There is no single unit in the contractors’ plant 
on the construction of concrete roads which is more worthy of 
quality in clioice and performance than the pump. This point 
has been emphasizetl to ^uch an extent as to have two pumps on 
the job, one to cut in as an extra in case anything should happen 
to the one in use. If the water sto[)s, the concrete stops, and the 
whole job is disorganized, (a) Duplex pump and engine mounted 
on one truck with a capacity of 40 gal. per minute, 175 pounds 
pressure, maximum head 407 feet, costs a[)proximately $620.00; a 
single unit uith a capacity of vSo gallons j>er minute, working under 
a pressure of 500 pounds maximum head of 1125 feet, would cost 
$1630.00. Both prii.es f.o.b. destination. 

The above-listcrl eejuipment covers what might be called the 
average list of units which tlie highway contractor needs continu¬ 
ously. There are a largo number of special tools which he needs 
only occasionally, and it is not necessary in a book of this kind to 
go into specialized e(juipment .such as air compr( ssors, pile drivers, 
pavement-cutting tools, etc. When a unit of this kind is needed, 
the contractor generally figures it for one job only and charges the 
entire cost and de[)reciation for the one job which it is to perform. 
I'his procedure puts this type of equipment in a dilTcrent classifica¬ 
tion from the list given above, which can be utilized on practically 
every job at sometime or other. 


WATER SUPPLY DATA FOR CONCRETE PAVING* 

The State Highway Department of Penn.sylvania has com¬ 
piled the following i[iformation for use in determining the sizes of 
pipe line to be used for the water supply on concrete paving pro¬ 
jects. The information is ba.sed upon 50',' of the water being 
required for curing and 5o';c being recjuired for the mixer and sub- 
grade curing. The department slates that if calcium chloride is 
u.sed for curitig the amount of water required for the lengths pavc*d 
per hour can be reduced onc-half. 

The Uiblcs given under the sizes of pipe linos are figured without 
modifications for head, and the labh- at the lK>ttom of the tabu¬ 
lation gives the information for the correction for the head. 

The tables are based on a requirement of 3ooo gal. of water for 
100 ft. of paxnng apjKwtinned as follows: J j curing, for sub- 
grade, yi for mixer. The pavement is assumed to be i8 ft. wide. 
The head given is based on friction loss only. To this must be 
added the height of the outlet of the pipe above the source of 
supply. 

♦ Hoad" And May. 1927. 
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Watkr Supply Data 


Loss of head due to friction in steel pipes for water used in paving 


Length 

paved 

Gal. 

water 

re¬ 

quired 

1 

feet 

per sec. 


Length of pipe 



per hr. 
ft. 


1 


2 

2H 

3 

per hr. 


rni. 

mi. . 

im. 

n:i. 

mj. 

mi. 




2-inch 

pipe 






2000 

3 188 

70 

158 

237 

3 16 

30 s 

474 


2400 

3 823 

I I 1 

222 

3 M 

444 

556 

667 


2800 

4 4<^3 

148 

206 

445 1 

503 

741 

880 


S 201 J 

«; 100 

IQO 

381 

57 r 

76 I 

05 2 

I 142 


3 <><>o 

.s 738 

237 

474 

7 11 

94 8 

1 186 

1423 

50 

4000 

6 37 

288 

577 

866 

I 155 

1444 

1732 

60 

4800 

7 (‘S 

406 

8 12 

12 18 

1624 

2030 

2436 

70 

5 <’00 

8 02 

542 

1083 

162 s 

2 167 

2708 

3250 

80 

6400 

10 20 

605 

130 1 

2086 

27 « I 

3477 

4172 

00 

7200 

II 47 

867 

1733 

2<)00 

3 !<><> 

4333 

5200 

100 

8000 

12 7 S 

loss 

2 111 

3 iOO 

4221 

5277 

6332 




2^2-inch pipe 





... 

2000 

2 233 

33 

<>5 

OR 

130 

163 

195 


2400 

2 0 70 

40 

0 1 

137 

183 

229 

274 


2800 

3 1 2<> 

M 

122 

183 

244 

305 

366 

i ... 

3200 

3 572 

78 

157 

235 

3 13 

392 

470 


J<)00 

4 0 10 

OH 

105 

203 

300 

1 488 , 

586 

1 50 

4000 

4 47 

1 10 

23 t^ 

35 7 

476 

505 

7 14 

60 

4H00 

.S 3 <» 

IO7 

33 5 

502 ( 

<>60 

836 : 

1004 

70 

S60() 

025 

223 

44 <» 

6(>0 

893 

1116 

1330 

! 80 

6400 

7 13 

280 

573 

Sso 1 

I 146 

>432 

; 1719 

1 ^ 

7 200 

8 04 

357 

7 14 

107 1 

1428 

1785 

2142 1 

1 100 

8000 

8 03 

435 

870 

1304 i 

1739 

2 174 

i ] 

1 2609 1 

1 

1 



3 -inch pipe 




I 

! 

2000 

1 448 

11 

22 

33 

4 » 

55 

66 


2400 

1 737 i 

16 

31 

47 

62 

78 

1 93 


2800 

2 027 ; 

2 I 

41 

62 

83 

104 

' 124 


3200 

2 31<> 

27 

53 

80 

106 

133 

159 


3<’00 

2 <>»><) , 

33 

60 

C>l> 

132 

ir»6 

‘ TOO 

' so 

! 4000 

1 2 80 

40 

So 

12 I 

16 1 

20 1 

241 

1 (}0 

4800 

i 3 47 i 

57 

I 13 

170 

226 

2S3 

339 

1 70 

5 <>00 

4 05 

7 5 

15 I 

226 : 

302 

377 

453 

1 80 

6400 

4 <'3 ' 

07 

: 104 

I 20 I ‘ 

388 

485 

i 58 1 

1 00 

7200 

521 , 

12 I 

242 

1 362 

483 

1 <’04 

i 725 

j 100 

8uoo 

‘ . 3-79 ' 

‘ i 

147 

294 

1 M 

S88 

736 

1 

' .. 




_ 


__ 

1_ 



Head, j 

Pressure 

II.Md, 

Pressure 

I’rcssure 

Hc.'id. 

Pres'-urc 


ft. I 

_ 1 

per 

ft. 

per 

per 

(i. 

per 

it. 

sq. m. 


^q.in. 

sq in. 

sq. in. j 

10 

4 

200 

87 

4 

0 2 

50 

1 1.5 

20 

9 

300 

130 

5 

1 I 5 

60 

138 

30 

! >3 

400 

>74 

0 

>3 S 

70 

16 1 

40 

1 17 

500 

2 17 . 

7 

16 I 

80 

184 

SO 

22 

600 

a6o 

8 

IR 4 

<>o 

207 

60 

26 

700 

304 

0 

20 7 

100 

230 

70 

30 ' 

800 

1 347 

10 

23 

200 

46 1 

80 

35 I 

900 

! 391 

20 

46 

300 

691 

90 

39 

1000 

i 434 

30 

69 

j 400 i 

923 

100 

43 1 

2000 

1 868 j 

40 

92 

1 500 1 

t 1 

I1S3 
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The formula used is the Hazen-Williams f'ormula; 

H = in which 

dl.25 

H = loss of head due to friction 
K = .00038 

I = length of pipe in feet 
V = velocity of water in feet per second 
d = diameter of pipe in feet 
A 2 -in. pipe = 2.067 internal diameter. 

A 2j-2-in. pipe = 2.469 interna! diameter. 

A 3 -in. pirx' = 3.068 internal di.irneter. 

How the Tables Are Used.—Example (i): 

Estimated progress of paving 70 ft. per hour. Water reciuired— 
5600 gal. per hour. 

Maximum water pressure in pump—150 Ihs. per square inch. 

Pipe 2-in. diameter, pump 12 ft. above level of supply. Outlet 
40 ft. above pump. 

How far from the pump can the work be supplied? 

150 lb. pressure - 345 ft. head as per conversion table 345 — 
12 — 40 = 2Q3 ft. net head. 

The head required for i mile of pipe is 1083 ft. Distance water 


can be supplied 


£03 

1083 


= mile. 


Example (2): 

Estimated progress of paving—70 ft. per hour. 

Ma.ximum water pressure in pump—500 lb. per sq. in. 

Maximum distance water must be forced = 2?-2 miles. 

What size pipe is required? 

500 lb. = total water pre^ssure available, which corresponds to 1152 
ft. head. 

2-in. pipe under these conditions requires 2706 ft. head or 1175 lb 
pressure and is too small. 

2}^-in. pipe is necessary and requires 1116 ft. head; which cor¬ 
responds to 484 lb. pressure. 

A 3-inch pipe requires 337 ft. head which corresponds to 163 lb. 
pump pressure. 

Example (3): 

Estimated progress per hour = 90 ft. 

Distance water must l>c forced — 2)'^ miles. What horscjwwer 
and pressure are required? 

2-in. pipe requires 4333 h^-^d by tabic or 1880 lb. pressure. 

Water required = 7200 gal. per hr. « 2 gal. per sec. = 16.7 lb. per 


sec. 


16.7 by 4333 ~ 72,360 ft. 11). per sec. 550 «« 132 horsepower. 

pif)e would require 1785 ft. head by tabic or 775 lb. pressure. 

16.7 by 1785 -f* 550 = 54 horsepower. 

3-in. pipe would require 604 ft. head by table or 250 lb. pressure. 

16.7 by 604 -f* 550 « 18 horsepower. 



RENTAL SCHEDULES 1253 

RENTAL SCHEDULE FOR ESTIMATING CONSTRUCTION 
EQUIPMENT EXPENSE! 

A schedule, evolved from the records and experiences of con¬ 
tractors, manufacturers, and rebuilders of equipment, and designed 
to furnish contractors with a practical means for estimating equip¬ 
ment expense and determining adequate rental charges has been 
approved by the Executive Board of the Associated General 
Contractors. The schedule, which was prepared by the Research 
Division under the direction of the Committee of Methods of the 
Association, is printed in the November Bulletin of the Associated 
General Contractors. The schedule and dLscussion of its applica¬ 
tion follow. 

To use the schedule with safety, it is essential to understand 
how the amounts were obtained, how- they are to be applied, and 
how they are limited for determining rental charges. Knowdng 
these things, no great dilliculty should be found in establishing 
tlie charges within the bounds of practical accuracy. 

For the reason that arithmetical averages, as obtain»*d from 
available records, gave few rational values for de]>reciation and 
repairs, such averages were given less weiglit in establishing the 
taoular amounts than the practical experience of contractors. 
In fact, the strongest evidence tliat these amounts are reasonably 
safe and accurate lies in the endorsement given them by experienced 
general contractors. 

A tentative draft of the schedule was submitted to members in 
the Weekly Bulletin of July 31. They ware ask(‘d to criticise the 
amounts and otler suggestions. In accordance with the criticism 
received, which evinced considerable study u|H)n the .subject, 
some of the tabular amounts were changed. .\s it now- stands, the 
schedule represents the consensus of opinion of many contractors, 
and with the proper understanding of what the percentage amounts 
mean, it should olTer a safe means of estimating rental charges. 

What the Values Mean.—The endless variation of job conditions, 
such as tofwgrapiiy, ground formation, and climate, indicate how 
great may be the error of any fixed equipment charge when applied 
to the e.\ceptional job. But having figures wdiich represent the 
mean of many projects, a starting }>oint exists for ascertaining 
reasonable charges for the exceptional circumstances. Figures 
given in the standard sclicdule may be said to show' equipment 
expense when machines arc not required to operate continuously 
under cither the worst or the best of operation strain. When no 
especially favorable or unfavorable circumstances attend a project, 
the tabular values probably give the expense within a permissible 
error. 

To eliminate error as far as twssible by permitting consideration 
and comparison of the indiviaual items that make up equipment 
expense, the gross amounts are reduced to their component parts. 
Thus anv item of the expense which is known to be unusually high 
in specific cases may be adjusted in the schedule to obtain a more 
appropriate rental rate. 

* Otncml Contmetoni’ Association. 
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Components of Expense. —Seven items of equipment e:pense 
constitute the total rental charge and require consideration in 
estimating a lump-sum contract or in determining fixed-rate rentals. 
An average value for each of these items which represent the 
expense of a general contractor’s outht as a whole has been approved 
by the Executive Board. I he items referred to and their annual 
prop>ortions of the initial cost of the equipment are as follows: 

Schedule of Typical Rental Charge.— liem?, of expense are 
expressed as {>er cents of original capital investment for equipment 
having a useful life of 6 years and a .salvage value of 25 % of the 
original cost. 


1. Average depreci.ition 

2. Equivalent annual interest at 6^2't 

3. Shop repairs. 

4. Field repairs 

5. Storage and incidentals 

6. Insurance. 

7. Taxes.... 

Total annual expense 

Equivalent expense on basis of S months work¬ 
ing time per year. 

Rental rate per month 


12E, 

4 

6 

4 

I 


4.S 

4 


How to Obtain Proper Percentage.— These percentages and 
those given in the dctaile<l schedule were determined according to 
the following principles: 

The economical life of a machine is considered to end when its 
value has depreciated to 25 S, of the original cost, d'he average 
annual depreciation then amounts to 75of the initial cost 
(iivided by the numl)er of years it may be expected to give service. 
I’he initial cost of a machine is rcpiresented by the cost of that 
machine delivered at the contractor’s yard. 

Interest should naturally be charged at the prevailing rate. 
This may l>e computed in three ways: 

1. By charging the prevailing rate each year on the depreciated 
value of the machine. 

2. By charging the prevailing rate each year on the average 
value of the machine during economical life. I'or example, when 
the salvage rate value i.s 25'7* the average value equals (100% d" 
25%) diviflcd by 2 — 62!^%. 

3. By finding the projK^rtion which the average value is of the 
initial cost and charging this proi)ortion of the prevailing rate 
each year. Thi.s prof)ortion i.s called the equivalent annual interest 
and shows what interest rate on original cost will yield the same 
interest as the prevailing rate when applied to the depreciating 
value of the machine. This is the method used in the al)ove 
schedule. The average value is 62}^^% of the original; therefore, 
the equivalent annual rate is 62^% of the prevailing rate, or 

% of 6>i% « 4%. 

Shop and field repairs are separated by reason of a previous 
recommendation of the Committee on Methods that field repairs 
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Table 223^1.—Rental Schedule for Construction Equipment 


Items of equipment 

Economical length of 
life, years 

Annual depreciation, 

% 

Annual shop repairs, % 

Annud held repairs, % 

Storage and incidentals. 
% 

Insurance. % 

Taxes, % 

Total annual charge % 
initial investment 

Asphalt mixiiitf plant . 



! 



40 

Auto crane. 

s 

15 

6 

5 

3Ci 

I 

I 

314 

Auto truck. 

3 

2S 

20 

20 

3 C 2 

1 

1 

704 

Auto trailer. 

5 

15 

6 

5 

3^2 

I 

I 

314 

Backfiller, power. 

4 

183^ 

6 


3t-jl I 

I 

i 14 

Ballast spreader ... 

« 


6 

4 

1 

I 

25 

Boiler, upn^jht 

8 

Ol-i 

20 

5 

3 !'. I 

I 

40 

Boiler, locotnolive 

K 


15 

5 

3 Ci 1 

I 

35 

Bucket, clam shell 

4 

15 

6 

3' i t 1 

I 

454 

Bucket, oranKc peel. 

4 

1834 

2 5 

6 

I 


55 4 

Bucket, draj^hne... 

4 

183. 

1 i 

3 

3 1 2 , 1 

I i 394 

Cars, steel dump ,.. 

6 

12^2 

8 

A 

31 J I 

1 30 

Cars, wood dump . 

S \l 5 

7 


3''2| I 

1 304 

Cars, flat. 

8 

oCi 

1 


3‘^2' I 

1 22 

Cars, hopper 

S 

1.5 

8 

3 

3^2 I 

I ! 3l!i 

C'ompressftr, steam 

7 

10 *,' 

0 

.5 

31 - 1 

I I 254 

( ompressor, gasolmc 

4 

l83^ 

<> 

7 

312 I 

I ' 37 H 

( ompressor. electric. 

0 

I 2' » 


3 

3'2i I 

I 24 

('oncrcte chutes. . . 

.> 

37‘ v 

1 5 

1 S 

3’'2: I 

1 73 

Conveyor, l>clt. i 

2 

37^2 

7 

fi 

jV.,: I 

I ! Sb 

Conveyor, bucket.j 

2 

37‘ . 

10 

d 

3*-2, 1 

I 

59 

Crusher, rock. I 

0 

wC 

.5 

3 

3’2 

I 

1 

26 

Derrick, wood. 1 

5 

15 

4 

4 

3^2 

I 

I 

28 Vi 

Derrick, steel . . j 

10 


4 

.1 

3'2 

I 

1 

20 

DraKlinc, steam ... 1 

() 

121., 

9 

S 

3’->: I 

1 ' 35 

Dragline, gasoline. 1 

4 

1834 

lO 

10 

3 2 ' 1 

1 44 V; 

Dragline, electric. I 

8 

9^2 

7 

7 

3 *'2! 1 

I 29 

Drill, tunnel carriage. . | 

5 

15 

8 

8 

3^7 

I 

I i 3b 4 

Dnll, traction well.. . . 

6 

12Vj 

7 

10 

3^^ 

I 

I : 35 

Drill, tripod. 

4 

1834 

7 

10 

3 Vi 

I 


41 V 4 

Drill, jack hammer. 

4 

183; 

7 

6 

3>-i 

I 


374 

Engine, gas. 

6 

1 2 ! 

8 

8 


I 


34 

Engine, steam. 

lo 


5 

5 

•vH 

I 

I 

23 

Excavator, cableway . 

0 

I2f., 

4 

I 2 

3^’ 

I 

I 

34 

Excavator. Keystone 

S 

IS 

8 

4 


I 

I 

32 C,; 

Excavator, trench. 

5 

15 

8 

b 

3*'i 

I 

I 

34.4 

Forms, steel concrete 

2 

37 C, 

20 

20 


1 

1 

8J 

Graders, common road. 

4 

18 «^ 

12 

b 

3^ 

I 

I 

424 

Grader , elevating. 

4 

183; 

15 

7 


T 

1 

4 b 1-2 

Hoist, steam. 

lO 

7H 

0 

4 

3 Vi 

1 

1 23 

Hoist, gasoline. 

6 

124 

7 

8 

3'-i 

1 

1 

33 

Hoist, electric. 

8 

9H 

5 

3 

J'i 

1 

1 

23 

Locomotive; 









Industrial steam. 

9 


6 

4 

3^ 

1 

1 

24 

Industrial gas. 

4 

I83^ 

13 

lO 

3H 

1 

I 

474 

Indudrial battery. ... 

4 

l83. 

15 

4 

3 4 

1 

1 

43 4 

Standard gage . 

10 

7^ 

6 

4 


I 

I 

23 

Crane, steam. 

8 


7 

8 

3 4 

I 

I 

39 

Crane, electric 

8 


6 

4 

3VS 

I 

I 

25 
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Table 223A,—Continued 


Items of equipment 

Economical length of 
life, years 

Annual depreciation, 

/o 

Annual shop repairs, 
% 

Annual field repairs, % 

Storage and incidentals. 
% 

Insurance, % 

V 

<4 

H 

Total annual charge % 
initial investment 

Mixer, steam... 

^1 

15 

12 

4 

3S| 

. 1 

I 

364 

Mixer, gasoline 



13 

8 

3*2 

I 

I 

4S>I 

Mixer, electno ... 



12 

4 

3»- 

I 

I 

34 

Mixer, paving steam. 

S 

15 

13 

4 

34 

I 

I 

37,4 

Mixer, paving gas. . 

3 

2S 

16 

9 

3 4 

1 

1 

s.'^4 

Motors. 

6 

12H 

6 

4 

3V.i 

I 

I 

28 

Pile driver, steam.... 

8 


7 

S 

3'^j 

I 

I 

27 

Pile driver, track. 

10 


5 

3 

3 >2 

X 

1 

21 

Pile hammer, steam... . 

7 

10^4 

7 

3 


I 

I 

264 

Pipe, galvanized. 

3 

25 

5 

6 

3,4 

I 

I 

4XH 

Plows. 

3 

2^ 

15 

10 

34 

I 

I 

ssH 

Pneumatic concrete machine. 

4 


20 

8 

3 4 



S2H 

Pump, centrifugal... 

8 


6 

4 

3 4 



as 

Pump, piston. 

6 

I2h 

7 

S 

3 4 


I 

30 

Pump, pulsometer . 

8 

vt,. 

2 

4 

3^2 


I 

2 1 

Pump, Emerson 

8 

9‘? 

3 

4 

3^‘i 

I 

I 

21 

Rails. 

8 

9^ 

5 

3 

3 4 

1 

1 

23 

Riv'eter, air. 

5 

IS 

8 

4 

3.^2 

I 

I 

32,4 

Rock channelcr. 

6 

I2^>j 

7 

8 

3W 

I 

X 

33 

Roller, steam road... 

10 

7h 

S 

3 

34 


I 

21 

Saw ri^fs. 

4 

l8h 

10 

IS 

3 4 


I 

494 

Scraper, wheel . .. 

3 

25 

8 

4 

3^ 

I 

I 

424 

5>cTapcT, slip. 

I 

75 

25 

10 

34 

1 

I 

iisH 

Scraper, Fresno.... 

2 

37 H 

25 

15 

3H 

I 

I 

83 

Shovel, steam. . . . 

1 0 

12 H 

7 

6 

3H 

I 

I 

31 

Shovel, gasoline. . . 

i 4 

iSH 

9 

7 

34 

I 

I 

404 

Shovel, electric. 

7 


6 

5 

3*^5 

I 

I 

274 

Switches, fabricated.. 

3 

35 

3 

3 

3 4 

I 

I 

364 

Tower, steel hoist_ 

7 

10^4 

3 

4 

34 

I 

I 

234 

Tractor, wheel pas... . 

6 

I 2 H 

9 

5 

34 

I 

I 

32 

Tractor, caterpillar... . 

i 5 

15 

IS 

10 

34 

I 

I 

4SV< 

Wagons, dump. 

4 


17 

3 

34 

I 

I 

44 4 

Wagons, hauling. 

1 ^ 

18?; 

1 2 

3 

3 *^ 

I 

I 

394 

Wagon loaders, jwwcr.. 

! ^ 

IS 

JO 

6 

34 

I 

I 

36>^i 

-1 


be considered a part of the cost under cost plus contracts and shop 
repairs be borne by the contractor and covered by the fixed-rate 
rental charge. This recommendation was made on the ground 
that an owner should not be made to pay the total cost, for example, 
of re-fluing a boiler which may have been burned out principally 
on another owner’s work. 

The other items of cost require no special explanation. 

Three Types of Charges. —Owners of equipment find occasion 
to establish rental rates as follows: 

1. For a lump sum or unit price estimate. 

2. To owners on cost plus work. 

3. To others than client owners. 

In these instances charges should be made as follows: 
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1. The rental charge or equipment expense for lump sum work 
includes all the items mentioned above. 

2. The fixed rate to owners on cost plus work will include all 
but field repairs, if this item is paid as a cost of the work. To 
the amount thus determined may be added a service charge 
depending upon the policy of the contractor, i.e., whether the 
service 01 equipment is included in the profit fee or carried in the 
rental charge. 

3. The charge to persons other than client owners includes all 
of the items of expense and an additional amount for profit or 
payment for the machine's earning power. 

A further consideration in each of these cases is the rate for 
double-shift work, where the percentages for depreciation and 
repairs sliould be doubled, or nearly so. 

Individual Judgment Essential.—The committee desires to 
emphasize the fact that the values j)resented in the table should not 
be considered absolute in determining a rental charge. A real 
danger presents itself in using any tabular percentage without 
investigating the conditions under which the equipment is to work. 
To illustrate: If the values here given for a standard-gage sho\ el 
outfit were applied to such an outfit engaged constantly in excavat¬ 
ing hard rock, the probability is that the charges allowed would not 
cover more than half the expense. The frequent dobey shots and 
the dropping of heavy boulders into cars entails a higher rate of 
depreciation and repairs than is given in the schedule. On the 
other hand, if this shovel outfit were steadily engaged in digging 
sandy loam, the values given in the table would probably cause 
the et^uipment charge to contain a fair f^r cent of profit. 

It IS with the understanding that individual judgment and 
experience should adjust the tabular values to meet unusual con¬ 
ditions that this schedule is offered to contractors. 

Individual Equipment Rental Schedule.—The component 
expenses incurred by the ownership and maintenance of construc¬ 
tion plant are expressed in this table as percentages of the initial 
cost lor individual items of equipment. They indicate the proba¬ 
ble annual expense without profit under ordinary job conditions 
and should be included in any lump-sum estimate or in determining 
time-rate rental charges. The salvage value in all cases is con¬ 
sidered to be 25 per cent of the initial cost. 

Total percentage amounts in the extreme ri^ht-hand column 
should be applied to the total cost of a machine, including charges 
for transportation from the factory. This gives the total annual 
charge which for a lump-sum contract covering a full season, is 
the total equipment cxjx!nse. For determining a monthly, weekly, 
or daily rental rate the annual amount is divided by the number of 
such periods in the year during which construction work may 
be carried on. 

Table 223B giving rental rates for grading equipment has been 
compiled by F. T. Herlihy, of Minneapolis, Minn. The table, 
whicn is reprinted below, shows the original capital cost of his equip¬ 
ment, depreciation charges, average earning days per year, daily 
charge for interest, depreciation, insurance and storage, and toUl 
daily rental charge: 



Table 223 ^. —Rental Rates for likAoiNo Contractoks I:qi ipment 
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Class of equipment 

Steam shov*el. 

St^m shovel. 

Steam shovel. 

St^m shovel. 

Draislme excavator. 

Dragline excavator. 

Standard-gage locomotive.. 
Standard-gage locomotive.. 
Standard-gage locomotive.. 

Dinkey locomotiv'e. 

Dinkey locomotive. 

Locomotive crane. 

Jordan spreader. 

Rail, per ton . 

Track-throwing machine.. . 

20-yd. air dump cars. 

i6-yd. air dump cars. 

xa-yd. air dump cars. 

4-yd. dump cars. 

ijj-yd. dump cars. 

i-yd. dump cars. 

Plat cars. 

Gasoline locomotive. 

i-yd. Koppel cars, V-shape 

Motor truck. $ ton. 

Automobile. 

Caterpillar tractor, gas.. . . 
Vertical boiler. 
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RENTAL CHARGES FOR CONSTRUCTION EQUIPMENT^ 

In connection with the preparation of a standard list of rental 
charges for construction equipment, a committee of the Associated 
General Contractors of America has been collecting information 
as to the practice of various contractors in this matter. In the 
January lo, 1920 AViCS Letter oi the association the following schedule 
of rental charges, submitted by an eastern contractor, is given 


Table 223C 


Equipment 

Boiler, only, 30 hp. and smaller .... 

Boiler only, 30 to 60 hp. 

Bucket, clam shell, yd. 

Cars, skip, iM yd. 

Cars, steel, i ya. and smaller .... ... 

Crusher only, Acme No. oH. 

Cutter, bar portable, with motor. 

Derrick, 30 to 59 ', wooden, homemade. 

Drill, small air. 

Drill, steam. 

Elevator, platform or bucket, i yd.. . 

Engine, skeleton. 2-drum. 20 hp. 

Engine, gasoline, to 8 hp. 

Engine, gasoline. 10 hp... 

Leveling instrument, engineers’. 

Miners, with gasoline engine, ii to 15' cap. 

Motors, 2 hp. 

Motors, 5 hp. 

Motors, 10 hp. 

Motors, 25 hp. 

Motors, 50 hp...... 

Pumps, centrifugal, lo in., belt driven, with engine . 

Pumps, pulsometer, to 4 in. . . . 

Pumps, 3 in., with gasoline engine. .. 

Pumps, diaphragm, with gasf>!inc engine. 

Saw benches, plain. 

Saw benches, plain, with motor or gas engine attached 

Saw awing cutoff, no power. 

Steam thovels, revolving, traction, per day. 

Transit. 

» Per day. 


Weekly 
Rental 
|i 2.00 
16.00 
15.00 
2.00 
1.50 
22.00 
9. SO 
3.00 
3.00 
4 . so 
2.00 
8.00 
3.00 
5.00 

I .SO 
IS .00 

1.50 

2.50 
3 . SO 
S.oo 
9.00 
7.00 
6.00 

3 500 

3.5 

3.00 

5 .50 
1.00 

24-00^ 

2.00 


In submitting the list, the contractor wrote as follows concerning 
his firm’s policy on equipment rental: 

The plant rental sheet was revi.sed the first of this year and will 
be revised again for another year, probably uf)warils. Oitr rental 
basis for our own work is entirely that of replacement cost, .Ml 
plant costing $150 or more whose life extends over a period of 
years or over several jobs is shown on our detailed list, which is 
compiled from our experience of the probable life of each tool. 
There are three classes: 

Class A —Tools which will last through so weeks of continuous 
work. 

Class B—Tools which will last through 75 weeks of continuous 
work. 

* BngiiMeriiig Contracting, Jan. 21 , 1920 . 
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Class C—Tools which will last through 100 weeks of continuous 
work. 

Our rental is sufficient to produce enough revenue to make extra¬ 
ordinary repairs and to replace the plant at the end of this length of 
time. 

You will find that these rentals are uniformly low because they 
are at cost to ourselves and apply on jobs where we are operating 
the plant. These plant rentals go into a cost plus or fixed fee 
contract as a part of the job cost on which profit is figured. 

If we rented the plant to outsiders we would charge about half 
as much again for it. 

Our method of handling small tools such as shovels, picks, ham¬ 
mers, etc., is to charge tneir entire cost to the job. If they are 
worn out they become part of the job cost. At the completion 
of the work an inventory is taken and each tool is appraised in 
cooperation with a representative of the owner. We have five 
grades: (i) New, 100% of first cost; (2) good, 75%; (3) fair, 50%; 
■4) poor, 25%; (5) w'orthless, 0%. We take them back as per 
inventory. 


Table 224^4.—Typical IkjtriPMENX Water-bound Macadam 

Roads 


Local stone. 5 miles per season 


Equipment item 


Approximate fir?;! 
cost \f}2b 


Yeady depreciation.! 
interest, repair, j 
taxes, etc. 


Grading equipment (p. iiaO).. 

1 8,000 to I30.000 i 

% 2,000 to 1X1,000 

Air compressor and drill outfit 

to 

3.000 j 

to 

1,200 

i Crushing outfit. j 

5,000 to 

6.000 1 

1,200 to 

1,500 

' Pumping outfit. { 

800 to 

1.500 1 

200 to 

500 

Pipe line. 4 miles ± . ( 

Roller fincluded in grading ^ 

3.000 to 

5.000 1 

[ 1,500 to 

2,000 

equip.). 

Wagons or trucks’. 

1.500 to 

10,000 

1 

1,000 to 

5.000 

Small tools. 

500 to 

1.000 

500 to 

1.000 

Totals. 

I18.800 to 

1 5 b. 500 

; I6.400 to I22.200 

Moving plant on job. 



1,000 to 

2,000 

Total yearly. 



1 7.500 to 124,000 

Approximate per mile. 



j 1,500 to 

5.000 

Approximate per cubic yard . 



macadam*. 

i 



1 0.50 to 

I .20 


* Hauling often sublet. 

* Based on 18 ' road 12 '' deep (trading ov-erheAd not included). 
Note.—Q uarry outfit not needed if boulder stone is used. 
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Table 224^.—Typical Equipment Water-bound Macadam 
Imported stone. 5 miles per season 


Equipment item 

Apprc'.ximate first 
cost 1926 

Approximate 
yearly depre¬ 
ciation, repairs, 
interest, taxes, etc. 

Grading equipment (p. 1126)... 
Elevator or crane unloader 

and storage bin. 

Pumping outfit. 

Pipe line. 

1 8.000 to fjo.ooo 

2.000 to 10.000 
800 to 1.500 
3.000 to 5.000 

1.500 to 10.000 
400 to 800 

$2,000 to $11,000 

500 to 2,500 

200 to 500 

1.500 to 2.000 

1,000 to s.ooo 

400 to 800 

Wagons or trucks ‘. 

Small tools. 

Totals. 

Moving plant on job. . ... 

Total yearly. 

I16.000 to $57,000 

$5,600 to $21,800 
500 to 1,000 


$6,100 to $23,000 
1.200 to 4,600 

0 40 to 1.00 

Approximate per mile 
Approximate per cubic yard 
macadam*. ... 



1 Hauling often sublet. 

* Based on 3500 cu. yd. per mile (grading overhead not included). 


Table 224C.—Typical Equipment Bituminous Macadam 


Local stone. 5 miles per season 


Equipment item 

Approximate first 
cost 1926 

Approximate 
yearly depre¬ 
ciation, repairs, 
interest, etc. 

Grading equipment (p. 1126) ... 
Air compressor and drill outfit.. 

$ 8.000 to $30,000 
to 3.000 
S.ooo to 6,000 
1.500 to 10.000 
to 9.000 
500 to 1,000 

$2,000 to $i 1.000 
to 1.200 
1,200 to 1.500 

1.000 tf) s.ooo 

to 4,000 
500 to 1,000 

Wagons or trucks*. 

Pressure distributor*. 

Small tools. 

Totals. 

$15,000 to $59,000 

$4,700 to 23.700 
1.000 to 2,000 

Moving plant on job. 

Yearly total . 



$6,000 to $26,000 
1.200 to 5.000 

0.35 to 1*20 

Approximate per mile . 


Approximate per cubic yard 
macadam*. 

. i 

1 




»Often sublet. 

* Generally sublet. 

• Based on 3500 cu. yd. per mile (grading overhead not included). 
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Table 224D.—TYPICAL Equipment Bituminous Macadam 


Imported stone. 5 miles per season 


Equipment item 

Approximate first 
cost 1926 

Approximate 
yearly depre¬ 
ciation, repairs, 
interest, etc. 

Grading! equipment (p. 1126).. . 

1 8.000 to $30,000 
2.000 to 10,000 
1,500 to 10,000 
to g,ooo 
500 to 1,000 

$2,000 to $11,000 

500 to 2,500 

1,000 to 5,000 

to 4.000 

1 500 to 1.000 

Wagons or trucks'. 

Pressure distributor*. . . 

Small tools. 

Totals.... . 

Moving plant on job 

Yearly total. .. 

Approximate per mile 
Approximate per cubic yard 
macadam*. 

1 $12,000 to $00,000 

$4,000 to $23,500 
800 to 1,500 

1 . 

i 

1 . . 

1 

j $5,000 to 25.000 
1,000 to s.ooo 

j o.30to i.xo 


' Often sublet. 

* Generally sublet. 

* Based on 17,000 cu. yd. per season (KradiuK' overhead not included). 


Tabi.e 224£.—Typical I'.qcipmknt (’kmlnt-concklte Pave- 

ME.NTS AND BasES 


Im{K)rtcd materials 


Equipment item 

.Approximate first 
cost 1926 

Yearly depreciation, 
interest, repairs, 
etc. 

tlrndmg equipment (p. 1126).. 
Concrete equipment ip. 1144)- 

$ 8.000 to $30,000 
21.000 to 38.000 

$ 2.000 to $i 1.000 
11,000 to 20.000 

Totals . 

$29,000 to $08,000 

$13,000 to 31.000 
1.000 to 2.000 

Mov'ing plant on job. 

1 Yearly total. 

Approximate overhead per 
! cubic yard concrete based 

! on 15.000 cu. yd. per yc.ar. 

j Grading overhead not 

1 included - 


$14,000 to $33,000 

0.90 to 2.00 




N’otk. —Where local materials arc required, use items from Table 224/! 
for production of local material product and eliminate special car unloading 
equipment. 
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Table 224F.—Typical Equipment Bituminous Concjuete 
Surface Coats 


Topeka and sheet asphalt. loo to 150 tons daily output 


Equipment item 

Approximate first 
cost 1926 

Yearly depreciatiom 
interest, repair, etc. 

Portable car plant. 

Elevator or crane unloader and 

$20,000 to $30,000 

$ 8,000 to $12,000 

bin. 

3.000 to 10.000 

800 to 2,500 

Trucks». 

to 30.000 

to IS.000 

Tandem roller. 

! 3.000 to 4.000 

600 to 800 

Small tools. 

I 500 to 1,000 

500 to 1.000 

Total. 

! $27,000 to $75,000 

$10,000 to $31,000 

Moving. 

!. 

500 to 1,000 

Total yearly. 


$10,500 to $33,000 

Approximate per ton of mix* 


0.70 to 2.10 

1 


* Hauling often sublet which materially reduces initial investment. 

* Based on IS.000 tons seasons output. 


Table 224G. —Typical Equipment Small-span Bridge Con¬ 
tracts 


Equipment item 

Approximate first 
cost 1926 

Yearly deprecia¬ 
tion, interest, 
repair, etc. 

Truck clam-shell crane for unload¬ 
ing materials, steel, stone, sand, 
etc., and for foundation excava- 

$-to $ 9.000 

1,500 to 3.000 

200 to 1,000 

to 1,000 
700 to 1,000 

to 3,000 

to 3,000 
300 to 500 


Pilc-driving outfit, drop hammer 

or steam hammer. 

Pumping outfit. 

Small tractor. 

One-bag batch concrete mixer. . . 

Trucks or wagons'. 

Air compressor, drill, and riveting 

outfit. 

Small tools. 

i 

400 to 800 

50 to 250 

to 300 

350 to 500 

to 2,000 

to 1,200 
300 to 500 

‘ 

Totals. 

Moving plant on job. 

$3,000 to $22,000 

ll.IOO to $8,000* 
200 to 500 


‘ Distrilnited over season’s work which generally amounts to about 6 to 
io% of the contract amount. 

* Hauling generally lublet on small jobs. 
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New York State (Cement Concrete Pavement) 


Lenerth. 

miles 

Width, 

feet 

Thick- 

ness, 

inches 

Mix 

Reinforcement 

Cubic 
yard 
price ‘ 

Herkimer County, Highway 8230, Cold Brook—Nobleboro 

8.23 

18 

7-6-7 

i: iM: 3 

Marginal bars 

I7.00 

Alleghany County, Road 8236, Cuba—Black Creek, Route 2 

3.30 

18 

7-6-7 


Marginal bars 

18.50 

[ Broome County, Repair Contract 3126, Kirkwood 

2 

18 

7-6-7 

1 : iH: 3 

40 mesh and area 
bars 

I9.00 

Cattaragus County, Road 1713, Pennsylvania State Line—-Portville 

1.91 

18 

8-7-8 

i:H :3 

Marginal bars 

$7 SO 

1 Chenango County, Road 8216, Coventr>^dlle—Bambridge 

6.78 

18 

7-6-7 

i: iH: 3 

Marginal bars 

18.00 

Columbia County, Road 1753. Stuy\’esant—Castleton j 

S-43 

18 

8-7-8 

i: iH: 3 

Marginal bars 

I7.80 


* Ccracnt and reinforcement not included. 
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New Jersey State 


Length, 

miles 

Width, 

feet 

Thick¬ 

ness, 

inches 

Mix 

Reinforce¬ 

ment 

Square yard 
price 

Atlantic County—Absccon, Route 3, Section 14 

1.78 

jg 

8 

i: - 3 M 

Single Itiu* 

$2 75 including 
cenuTU and rc- 
mfuri-enu'nt 

Henderson Count}’, State Route 9, White House—Lehanonj 

4 

20-30 

8 j I • I K • 3 H 

121 lb. 

S3 20 

Middlesex County, St. (icorge Ave., State Route 4, Section 32 

4.01 

29-50 

0 ’ 1: iH i-’t ih. 

1 1 

53.20 

Middlesex County, State Route 4, Section 25, South Amboy 

3.81 

29*40 i g I: 1^4: 33 -!* 

i 

121 lb. 

$3 10 

Monmouth County, Route 4, Section 4, Kcyjwrt Cutoff 

I- 3 I 

.0 

0 1; i? 4 ‘ jH ! 1 21 H). j Si.os 

i 1 i 

Morris County, Dover, Route 5, McFarland St. 

I.as 

30-40 

8 


121 Ib. ! Sj.oo 

J 
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Connecticut State 


Length, 

feet 

Width. 

feet 

Thick¬ 

ness, 

inches 

1 1 

Mi.\ ; Reinforcement 

; 

Cubic yard 
priced 

Hartford County—E. Windsor j 

1,650 

18 1 8 

1:2: .^>2 i 17 - 23 cu. yd. 

1 

1 

lio.oo j 

New Haven County, Middletown—Durham 

28.720 

20 1 8 

i: 2: j 15 74 cu. yd. | |8.20 

Windham County, Willimantic—Putnam Road j 

10 J20 

18 

8 

1:2: 3 .^ 1 17-23 cu. yd. j 58.43 

Litchfield County, Torrington—Goshen Road 

7 402 

20 j H 

1:2:3 Ro Is 5 o 08 1 

Middlesex County, East Hampton j 

14.700 j 2.) ^ 8 

1: 2 • 3 1 Rods 

lio 00 

New Haven County, Waterliury Turnp’ke 

2 I. 97 S 

20 

1 ^ 

1 1:23 1 Ro<is 

7.43 


* cement and reinforcement not included. 
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CHAPTER XVI 


NOTES ON CONSTRUCTION 

No matter how well a road is designed, unless the construction 
engineer uses good judgment, and the inspection is conscientious 
and intelligent, the results will not be satisfactory. This chapter 
em[)hasi/.es the importance of the different stages of the work and 
gives a few suggestions as to the manner of meeting common 
difficulties. 

DUTIES AND AUTHORITY OF DIFFERENT UNITS OF THE 
USUAL ORGANIZATION 

Inspectors.—Inspectors are responsible for the detail work of 
construction. They must be thoroughly familiar with the plans 
and specifications. They pass on the quality of materials delivered, 
correctness of grades, dimensions of work, and the quality of the 
workmanship as stipulated in the specilic ations. 

Inspectors have no authority to change plans or specifications. 
I'hey have authority to reject materials and to stop work which is 
not being {)rof>erly done pending the decision of the field engineer. 
I’hcy report directly to the engineer in charge of field construction. 
Inspectors are really the most important men in the organization, 
if good work is desired, (iood ins[)ectors are hard to get, as the 
work is tedious and confining. 

Field Engineers. —The field engineer is nsj>onsiblc for staking 
out the construction work, for monthly and final estimates, and 
for the efficiency of the inspectors, lie must keep track of the 
amount of work done and materials used to see that the contract 
amounts are not exceeded. He checks all plans and quantities 
and notifies the chief engineer if changes are desirable. 

I'he field engineer has no authority to change plans or specifica¬ 
tions with the exception of minor corrections of mistakes or slight 
changes in grade and location to fit unexpected conditions, pro¬ 
vided such changes do not increase quantities beyond the contract 
provisions. The field engineer rejxirts directly to the division or 
chief engineer. 

Executive Engineers.—The division or chief engineer is largely 
an executive. He makes the necessary assignments and has the 
j)owcr to make any necessary changes in the plans to meet unex¬ 
pected conditions provided these changes do not exceed the con 
tingent allowances of the contract. If required changes call for new 
items in the contract or for an increase in quantities beyond 
contingent allowances, he prepares the necessary supplementary 
contract agreements which must be aoproved by the contractor 
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and the financial control oflScer of the highway department before 
any such w^ork is done. 

Final acceptance of work lies with the head of the department or 
the civil boards authorizing the work. 

Staking for Construction. —The construction survey picks up 
the center line shown on the plans and by means of offset stakes 
driven to a certain elevation marks the position and elevation of 
the road conveniently for building. Any arrangement of stakes 
that shows the f^osition of the proposed center line and the elevation 
of the proposed grade is satisfactory. These stakes may be set 
on one or both sides of the road at intervals of 50 or 100'. The off¬ 
sets to the center line may be marked to the nearest one-tenth foot, 
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Fig. 329. —Slaking out notes. 


or the stakes may be set that the offset is an even foot and driven 
so that the elevation of the proposed grade is atx^ve or below them 
an even foot, half foot, or an odd tenth. A satisfactory method in 
general use in western New York is to set the construction stakes 
on both sides every 50', with an even foot or half f(X)t above or 
below grade. 

Such stakes can be readily explained to the ordinary grading fore¬ 
man so that he has no difficulty in working from them without the 
assistance of an inspector. The 50' interval is convenient for fine 
grading, as the lines can be stretched this distance with no apparent 
sag, while if a interval is used, the sag is objectionable. With 
stakes on both sides of the road, the elevation of the proposed grade 
can be readily transferred to the center by stretching a line between 
them and measuring down or up the required amount. This is 
a much simpler and more accurate method than transferring by 
straight-edge where two or three lengths of straight-edge must be 
used from the stake to the center. 
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The left stake marked C 4.0' offset 28.0' means that the crown 
grade of the finished road is 4.0' below the top of this stake and 
the proposed center line of macadam is 28.0' from the face of the 
stake (see Fig. 330). 

To transfer the proposed grade to the center line by the string 
method: Fasten chalk line to top of left stake; measure up 3.0' 
above top of right stake and draw line taut at this elevation. 
The string is level and 4.0' above crown grade. Pull as tight as 
possible, allow about for sag, and measure down 3' iiV/' for 
finished grade. 



Fig. 330.—Show’ing suggested method of staking out. 


Cost of Staking Out.—The speed and cost of staking at 50' 
intervals will, of course, vary with the experience of the men and 
the character of the road. A party of four men should pick up the 
proposed center line and set offset stakes on both sides at a speed 
of 1.5 to 2 miles a day; a party of three men should grade these 
stakes at a sjKcd of i.o to 2.0 miles a day, and the cost of staking 
out for construction, including livery and board, would be from 
$40 to $80 per mile 1925 cost conditions (livery $4 per day; board 
$3 per man per day and engineers $10 and assistants $4 to $6. 

It is common for new men to spend an unnecessary amount of 
time in setting the grade stakes. They will often attempt to have 
the elevation of the grade stakes correct to within o.oi\ For all 
practical purjwses, for work of this character, stakes correct to 
within o.i' in elevation and o.i' in alignment are satisfactory. 
Curb stakes for village work, however, should be carefully set to 
within 0.01' in elevation and line. For such work line is marked 
by tacks in top of stake. 

Culverts.—Culverts are usually constructed before the road is 
graded. They should be completed well in advance of the |>ave- 
ment, because even though the backfill is carefully tamped, there 
is bound to be some additional settlement under traffic action, 
and if the pavement is laid over a fresh backfill, depressions or 
cracks are sure to develop which, if not repaired, make “thank- 
you-marms’’ in the road or introduce areas of no soil support 
under rigid slabs which often produce cracks unless the pavement 
is thickened enough to bridge tlie trench. For extra depth of 
p>avemcnt bases over trenches, see page 417. 

Cast-iron Pipo.—Trcnches for pipe arc dug the required depth, 
the bottom being made wide enough to allow the joints to be 
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properly calked. This reouires a trench i8 to 24" wider than the 
pipe diameter; ».e., for a 12^' pipe the trench is 30 to 36". Bell holes 
are dug as shown in Fig. 331, so that the pipe will have a uniform 
bearing its entire length. At no point should it rest directly on 
boulders or ledge rocks. If the foundation is soft, the pipe should 
be laid on a concrete or gravel base. For ordinary soils the only 
precaution the inspector need take is to prevent backfill under the 
pipe. 




Fig. 331.—Bell holes for pipe trench. 

Unless the foreman is alert, the trench is often exeaxated too 
much in some places, which are then back filled. This is bad 
practice except where boulders are encountered whicii must be 
removed and the cavities backfilled with good material. 

Pipe.—The pipe is inspected for flaws; it is then jilaced in the 
trench with the bell end upstream. At each joint the .''pigot end 
is placed in the bell and forced against the shoulder, making a 
tight joint. The pipe is then fined correctly and a gasket of jute 


Fig. 332.—Steel joint caulking tool. 


or oakum driven into the joint with an iron calking tool having a 
2 to 3" otTset, as shown in Fig. 332. The balance of the joint is 
then filled with a i; i cement mortar. 

The trench is then backfilled, care being taken not to throw the 
pipe out of line; the backfill must be well tamped in layers not 
exceeding 6”, heavy paver’s rammers being used. .\ good working 
rule is to use two of the best men on the job tamping and the laziest 
man on the force throwing dirt to them. 



333.—Headwall plug extension forms. 


Headwalls for Culverts.— The face of the headwall should extend 
beyond the end of the pipe, as it is difficult to get a good-looking 
connection if it is flush with the end. 


Figure 333 shows a convenient plug form for this extension. 
This plug is set into the end of the pip^ and can be readily removed, 
the resulting headwall being pleasing in appearance, llie head wall 
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form can, also, be readily skewed (set at an angle with the pipe) if 
required. 

Reinforced-concrete Pipe. —Pipe of this character is laid in the 
same general manner as cast-iron pipe with the following minor 
changes. It is desirable to dig the trench 2 or 3" lower than neces¬ 
sary and backfill with gravel well tamped to give a slightly flexible 
bed for the pipe. It is essential that concrete pipe be handled with 
care, as most of tlu* damage to this pipe occurs by careless handling. 
Pipe up to 18'' in diameter can be easily handled by rope slings 
lield by hand. I*'or 24" or larger pipe a tripod with chain hoist is 
desirable to prevent breakage in lowering into the trench and to 
avoid needless disturbance of the bed by dropping heavy pipe at 
<in aiigk 'J'l)e back till for this kind of pipe must be very carefully 
don*' up to half height. In loam, clay, and quicksand soils, it is 
<le^iiMl)le to cradle tho lower half of the pipe with concrete 1:3:6 
mi.\ (see Chap. IV p. 217). 


CONCRETE CULVERTS 

Excavation.—The trench is dug to the ref|uired depth; if the 
mat(Tial will stand vertically, no back forms arc necessary, and the 
width of the trencli is made the width of the out-to-out dimensions 
of the culverts. If back forms arc needed, the trench is usually 
made 2' wid.r. If running water is encountered which cannot be 
teniporaril}- d immed or diverted, the trencii is made wide enough 
to flume ti\e stream through on one side of the back forms for small 
culverts, or between the abutments for larger-span structures. 

Backfill.—d he liackfill is made as for cast-iron pipe e.xcept that 
it should not be dej)osited on the fiesh toj) of a culvert within 24 
hr. of laying the concrete. 

Forms.—I'ornis should be true to shape and constructed of 
[)laned tongue and groove or carefully sized lumber, for the e.\'rx)scd 
surfaces. Face form lumber should never be less than ' and 
preferably 2" thick and .should be well ribbed (see pp. 1346 to 1353 
for typical forms). They should be water light, as otherwise the 
fine material will run out of the face of the concrete and leave a 
rough “[K)p-corn” surface. They must be well braced to prevent 
bulging. Triangular or feather-edged grooved moldings are 
placed in the angles of the forms to shape them satisfactorily. 
The bottom boards of high thin side walls sliould be left loose until 
concrete is ready to pour to permit cleaning the foundation con¬ 
crete of chips or dirt which always collect. 

Removal of Forms.—The length of time that the forms should 
remain in place is a matter of judgment; it depends upon the 
cement ana weather conditions. 

The author’s practice is as follows: 

Headwalls or parapet forms are removed within 36 hr. in dry 
weather or within 48 hr. in damp, cold weather, in order to rub 
down the surfaces. 

Low side-wall forms for spans of 2 to 3', where the deck is con¬ 
structed later, may be removed in 36 to 48 hr. 
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Trunk forms for small culverts 2 to 3' span may be removed in 
from 3 to 7 days. 

Trunk forms for medium culverts up to 10' span, 7 to 14 days. 

Deck forms for spans above 10' may be removed in from 14 to 
28 days. 

Any unusual load, such as a roller, should not be allowed over 
a new culvert of even a small span in less than 7 days, unless pre¬ 
cautions are taken to distribute the pressure by planking the back- 
hll or otherwise; on the larger structures a time limit of 3 to 4 
weeks is advisable. 


MIXING AND PLACING CONCRETE 

The strength of the concrete depends largely upon the thorough¬ 
ness of the mixing and the water content. 

The author’s practice has been as follows: 

Hand Mixing Cement and Sand. 

3 turns dry for third-class concrete (foundations and side walls) 

4 turns dry for second-class concrete (decks and parapets) 

Add water and mix mortar. 

Drench stone and turn stone and mortar: 

3 times for third-class concrete. 

4 times for second-cla.^s concrete. 

Machine Mix.—Minimum i min. (15 revolutions). 

Deposit in forms by dropping. Do not cast, as this separates 
the coarse and fme material. Use enough water to give a mixture 
that quakes like liver under the rammer (about 5 to 0 gal. per sack 
of cement). 

Deposit in layers not over 6" deep and ram each layer thoroughly; 
spade the concrete thoroughly, and work an excess of the fine 
stuff to the face of the forms by prying the larger fragments back 
from the form with a narrow spade or broad-tined fork. 

Machine Mixing.—Culverts generally contain such a small 
quantity of concrete that machine mixing is often not used, 
although a small mixer is very convenient and the one-bag batch 
size is in very common use for work of this character. In case a 
batch mixer is employed, the ins[x:ction is simplified to checking 
the quantities of cement, sand, and stone in each charge, regulating 
the water content, and insisting on complete mix. Give at least 
a minute in the drum. If a continuous mixer is used, it is well to 
keep watch of the cement hof)per, as the cement is liable to run 
low, feeding only a portion of tne work, or a large lump of cement 
may ride on top of the worm and hinder the feed; or the worm may 
become coated with damp cement which reduces the capacity. 
If the inspector watches the cement hopper, the contractor will 
tend to the sand and stone hoppers. Continuous mixers are 
usually prohibited on account of the uncertainty of the resulting 
product. 

Capacity of Concrete Mixers. —Using a minute mix, different- 
size mixers will turn out approximately the following amounts of 
1:2:4 structural concrete: (20 to 30 batches p<*r hour). 
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1- bag batch. 3 to 4 cu. yd. per hour 

i>^-bag batch. 5 to 7 cu. yd. per hour 

2- bag batch. 7 to 10 cu. yd. per hour 


Finishing Concrete. —If a smooth, marble-like surface is desired, 
it can be obtained by rubbing down the surface before it has fully 
set with a cement-sand brick moistened with water. If a rough 
sandpaper-like finish is wanted, it can be secured by rubbing with a 
woooen float moistened with water. This finish is not so apt to 
hair check as tlie smooth finish. For a high-grade rub finish for 
more pretentious ornamental structures such as concrete arch 
bridges, parapets, etc., see specifications on page 1522. 

Freshly laid concrete should be protected from a hot sun by 
covering it with canvas, or blankets, and wetting it down frequently 
for 4 or 5 days. No f)lastering of surfaces should be allowed after 
the cement has set. If, however, it has been badly hair checked 
from heat, the defect can usually be remedied by rubbing with a 
carl)orundum brick. I'reshly laid concrete must be protected 
from frost. A satisfactory method is to cover with canvas and a 
thick layer of manure or straw. If the concrete has been frost 
pitted on the surface only, bush hammering will give a rough stone 
finish, pleasing in appearance. No culvert work should be allowed 
in continued cold weather, as it is difiicult to get a good finish, and 
in roadwork there is no necessity of doing this work in the winter. 
Q'oncrctr-culvert in^pretion must be conlitiuous. 

Amounts of Material Required. —For the amounts of material 
required per cu. yd. of concrete, see page iog2. 

Tables similar to 225 given below and computed for the stand¬ 
ard designs in use in any locality are very convenient in placing 
materials for culvert construction. Table 225 is computed for 
culverts shown in Fig. 65, Chap. IV, page 221. 3rd class concrete 
sidewalls and bottom and wings—2nd class slabs and parapets. 

Note. —Amount of cement sho7rn in Tahle 22a is haseJ on 1.3 bhls, f>er c. y. 
2nd class and i.i bbls. per c. y. ^rd dass loncrete. If culverts are constructed 
entirety of 1: 2 :4 mix take total c. y. of concrete shown for structure and multiply 
by 1.6 bbls. to get approx, amount of cement. 
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Table 225 .—Continued 


2* high X 2' wide 

Length 

Feet 

Concrete 

Cubic Yards 

Expanded 

Metal 

Square 

Feet 

Paving 

Square 

Yards 

Portland 

Cement 

Barrels* 

Sand 

Cubic 

Yards 

Crushed 

Stone 

Cubic 

Yards 

Second 

Third 

20 

2.4 

7.1 

80 

9.8 

lO.I 

4.4 

8.8 

21 

2.4 

7-3 

84 

9.8 

10.4 

4*5 

9.0 

: 22 

2.5 

7.6 

88 

9.8 

10.8 

4*7 

94 

, 23 

2.6 

7-9 

92 

9.8 

II.2 

4.9 

9*7 

24 

2.7 

8.1 

96 

9.8 

ii-S 

5*0 

lO.O 

25 

2.7 

8.4 

100 

9.8 

II.8 

5-2 

10*3 

26 

2.8 

8.6 

104 

9.8 

12.2 

5-3 

10.6 

27 

2.9 

8.9 

108 

9.8 

12.6 

5*5 

10.9 

28 

3.0 

9.2 

112 

9.8 

13.0 

5*7 

11.3 

29 

30 

9*4 

116 

9.8 

13.2 

S-8 

11*5 

30 

3-1 

9*7 

120 

9.8 

13.6 

6.0 

11.9 

31 

3.2 

9.9 

124 

9.8 

14.0 

6.1 

12.1 

32 

3-3 

10.2 

128 

9.8 

14.4 

6.3 

12.5 

33 

3.3 

10.5 

132 

9.8 

14.7 

6.4 

12.8 

34 

3-4 

10.7 

13^ 

9.8 

15-0 

6.6 

13-0 

35 

3-5 

11,0 

140 

9.8 

15*4 

6.8 

134 

3^ 

.V6 

II.2 

144 

9.8 

15.8 

6.9 

13*7 

37 

3-6 

11*5 

148 

9-8 

16.1 

7*1 

14.0 

38 

3*7 

11.8 

152 

9.8 

16.5 

7.2 

14.4 

39 

3.8 

12.0 

I5<> 

9.8 

16.8 

74 

14.7 

40 

3-9 

12.3 

160 

9.8 

17.3 

7.6 

15*0 

41 

3.9 

12-5 

164 

9.8 

17.5 

7.7 ! 

15*2 

42 

4.0 

12.8 

168 

9.8 

17.9 

7*9 

15.6 

43 

41 

13*1 

172 

9.8 

18.3 

8.0 

16.0 

44 

4.2 

13-3 

176 

9.8 

18.6 

8.2 

16.2 

45 

4.2 

13.6 

180 

9.8 

18.9 

8.3 

16.5 

46 

4.3 

13*9 

184 

9.8 

19.4 

8.5 

16.0 

47 

4.4 

14.1 

188 

9.8 

19.7 

8.6 

17.2 

48 

4-4 

14.4 

192 

9.8 

20.0 

8.8 

174 

49 

4.5 

14.6 

196 

9.8 

20.4 

8.9 

17.7 

50 

4.6 

14.9 

200 

9.8 

20.8 

9.1 

i8.i 


* See note p»go 1277 
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Table 22$,-—Continued 



Sec note page 1277 . 
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Table 225.— Continued 


2' high X 4' wide 

Length 

Feet 

Concrete 

Cubic Yards 

Expanded 

Metal 

Square 

1 cct 

Steel 

Pounds 

Port Land 
Cement 
Barrels* 

Sand 

Cubic 

Yards 

Crushed 

Stone 

('ubic 

Yards 

Second 

Third | 

20 

2.7 

8.4 

120 

78 

II.8 

S-2 

10.3 

21 

2.8 

8.7 

126 

81 

12.3 

5.3 

10.7 

22 

2.9 

9.0 

132 

85 

12.7 

5-6 

II.O 

23 

3-1 

9-3 

138 

88 

132 

5-8 

li-S 

24 

3-2 

9-7 

144 

91 

13S 

6.0 

12.0 

2$ 

3-3 

10.0 

150 

95 

14.2 

6.2 

12.3 

26 

3-4 

10.3 

156 

98 

14.6 

6.4 

12.7 

27 

3-5 

10.6 

162 

lOI 

15-0 

6.6 

I 3 -I 

28 

3 <^ 

10.9 

168 

los 

15-5 

6.8 

134 

29 

3*7 

11.2 

174 

108 

159 

6.9 

13.8 

30 

3-8 


180 

112 

16.3 

7-1 

14.2 

31 

3-9 

11,9 

186 


1O.8 

74 

14.6 

32 

4.0 

12.2 

192 

118 

173 

7.6 

15-0 

33 

4,2 

12.5 

198 

122 

17.8 

7.8 

15-5 

34 

4-3 

12.8 

204 


18.3 

8.0 

15-9 

35 

4.4 

131 

210 

128 

18.7 

8.2 

16.2 

36 

45 

13-4 

21O 

13^ 

IQ.I 

8.4 

16.6 

37 

4.6 

13-8 

222 

J 35 

19.6 

8.6 

17.1 

38 

4-7 

14,1 

228 

139 

20.1 

8.7 

174 

39 

4.8 

14.4 

234 

142 

20.5 

9.0 

17.8 

40 

4.9 

14.7 

240 

M 5 

20.9 

9.1 

18.2 

41 

5-0 

15.0 

24O 

149 

21.4 

94 

18.6 

42 

S-2 

15.3 

252 

J52 

21.9 

9,6 

19.1 

43 

5-3 

15.0 

-’58 

156 

22.3 

9.8 

194 

44 

5-4 

16.0 

264 

159 

22.9 

10.0 

19.9 

45 

5-5 

16.3 

270 

162 

23-3 

10.2 

20.2 

46 

5*6 

16.6 

276 

166 

23-7 

10.4 

20.6 

47 

5*7 

16.9 

282 

169 

24.1 

10.6 

2X.O 

48 

5.8 

17.2 

288 

172 

24.6 

10.8 

21-3 

49 

5-9 

17 s 

294 

176 

25.0 

10.9 

21.7 

SO 

6.0 

17.8 

300 

179 

254 

It.I 

22.1 


* Sec note page xa77* 
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Tablx 22S- —Continued 


3' high X 3' wide 

Length 

Feet 

Concrete 

Cubic Yards 

Expanded 

Metal 

Square 

Feet 

Steel 

Pounds 

Portland 

Cement 

Barrels* 

Sand 

Cubic 

Yards 

Crushed 

Stone 

Cubic 

Yards 

Second 

Third 

20 

2.3 

10.4 

100 

82 

13.4 

5-9 

II.8 

21 

2.4 

10.8 

105 

8s 

13-9 

6.2 

12.3 

22 

2.5 

II .2 

no 

88 

14.4 

6.4 

12.7 

23 

2.6 

II-S 


92 

14.9 

6.6 

131 

24 

2.6 

II.9 

120 

95 

15.3 

6.8 

13-5 

25 

2.7 

12.2 

125 

99 

15*7 

7.0 

13-8 

26 

2.8 

12.6 

130 

102 

16.2 

7-2 

14.3 

27 

2.9 

13.0 

135 

105 

16.8 

7.4 

14.8 

28 

30 

13.3 

140 

109 

17.2 

7.6 

I5-I 

29 

3-1 

13*7 

145 

112 

17-7 

7*9 

15.6 

30 

3-2 

14.0 

150 

116 

18.2 

8.1 

16.0 

31 

3-3 

14.4 

155 

119 

18.7 

8.3 

16.4 

32 

3-4 

14.8 

lOo 

122 

19.2 

8.5 

16.9 

! 33 

3-5 


165 

126 

19.6 

8.7 

^7-3 

34 

3-6 

is-s 

170 

129 

20.2 

8.9 

17.6 

; 35 

3-7 

15.8 

175 

133 

20.6 

1 9-1 

18.1 

36 

3-8 

16.2 

180 

^30 

21.1 

9-4 

18.6 

37 

3-9 

16.6 

185 

139 

21.6 

9.6 

19.0 

38 

3-9 

16.9 

190 

H3 , 

22.0 

9-7 

19.3 

39 

4.0 

17.3 

195 

146 

22.5 

IC.O 

19.8 

40 

4*1 

17.6 

200 

150 

22.9 j 

10.2 

20.1 

41 

4.2 

18.0 

205 

^53 

23-4 

10.4 

20.6 

42 

4.3 

18.4 

210 

156 

24.0 

10.6 

21.1 

43 

4*4 

18.7 

215 

160 

24.4 

10.8 

21.4 

44 

4*5 

I9.I 

220 

163 

24.9 

II.O 

21.9 

1 

! 45 

4.6 

19.4 

225 

167 

25-4 

II.2 

22.3 

46 

4*7 

19.8 

230 

170 

25-9 

I1.4 

22.7 

47 

4.8 

20.2 

235 

173 

26.4 

11.7 

23.2 

48 

4-9 

20.5 

240 

177 

26.8 

11.9 

23-6 

49 

50 

20.9 

245 

180 

27.4 

12.1 

24.0 

50 

5* 

1 

21.2 

250 

184 

27.8 

12.3 

24.4 


^ Sec note page X277* 
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Table 225 .—Continued 
3' high X 4' wide 



♦ Sco not© page 1277 , 
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Table 225. —Continued 



* Sea note pege 1277* 
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Table 22S,—,CoTUinued 


3' high X 5' wide 

Length 

Feet 

Concrete 

Cubic Yaids 

Expanded 

Metal 

Square 

Feet 

Steel 

Pounds 

Portland 

Cement 

Barrels* 

Sand 

Cubic 

Yards 

Crushed 

Stone 

Cubic 

Yards 

Second 

Third 

20 

4.0 

12.4 

140 

83 

17.5 

7-7 

15*2 

21 

4.2 

12.8 

147 

86 

18.1 

7-9 

15-7 

22 

4.4 

13-3 

154 

90 

1S.9 

8.3 

16.4 

23 

4.6 

13-7 

i6i 

93 

19.5 

8.6 

17.0 

24 

4-7 

14.1 

168 

96 

20.1 

8.8 

17.4 

25 

4-9 

14.5 

175 

100 

20.7 

9.1 

18.0 

26 

5*1 

14.9 

182 

103 

214 

9-3 

18.S 

27 

5-3 

15.4 

189 

106 

22.1 

9.6 

19.2 

28 

5-4 

15.8 

196 

110 

22.6 

9.9 

19.7 

29 

5'^ 

1O.2 

203 

113 

23-3 

10.2 

20.2 

30 

S-8 

16.6 

210 

117 

23-9 

10.5 

20.8 

31 

5-9 

17.0 

217 

120 

24.5 

10.7 

21.2 

32 

6.1 

174 

224 

123 

25-1 

I I.O 

21.8 

33 

6-3 

17,9 

231 

127 

259 

II-3 

22.4 

34 

6.5 

18.3 

238 

130 

26.5 

11.6 

23.0 

35 

6.6 

18.7 

245 

134 

27.1 

II.8 

23.5 

36 

6,8 

19.1 

252 

I 137 

27.7 

12.1 

24.0 

37 

7.0 

19-5 

259 

1 140 

2S4 

124 

24.6 

38 

7-2 

19.9 

266 

144 

2Q.O 

12.7 

25-1 

39 

7-3 

20.4 

273 

147 

29.6 

12.9 

25-7 

40 

7-5 

20.8 

280 

150 

3c^-3 

1 

13*2 

26.2 

41 

7-7 

21.2 

287 

154 

3^-9 

^3-5 

26.8 

42 

7.8 

21.6 

294 

157 

3^-5 

13-7 

27-3 

43 

8.0 

22.0 

301 

161 

3^-1 

14.0 

27.8 

44 

8.2 

224 

308 

164 

32.8 

14.3 

284 

45 

8.4 

22.9 

315 

167 

33-4 

14.6 

29.0 

46 

8.5 

23-3 

322 

171 

34.1 

14.8 

29*5 

47 

8.7 

23-7 

329 

174 

34.7 

is.i 

30.0 

48 

8.9 

24.1 

336 

177 

35-3 

15*3 

30.6 

49 

9.1 

n-s 

343 

181 

3 ^^-o 

iS-6 

31.2 

50 

9.2 

24.9 

350 

184 

36.5 

IS ‘9 

31.6 


^ See note page xa77< 
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Table 225.— CotUinued 


4' high X 5^ wide 

Length 

Feet 

Concrete 

Cubic Yards 

Expanded 

Metal 

Square 

Feet 

Steel 

Pounds 

Portland 

Cement 

Barrels* 

Sand 

Cubic 

Yards 

Crushed 

Stone 

Cubic 

Yards 

Second 

Third 

20 

4.0 

15.8 

140 

88 

21.0 

9.2 

18.4 

21 

4.2 

16.3 

147 

92 

21.7 

9.6 

19.0 

22 

44 

16.8 

154 

95 

22.5 

9.9 

19.7 

23 

4.6 

17.2 

161 

99 

23.1 

10.2 

20.2 

24 

4‘7 

17.7 

168 

102 

23.7 

10.5 

20.8 

25 

4-9 

18.2 

175 

105 

24.5 

10.8 

21.4 

26 

5-1 

18.7 

182 

109 

25.2 

■n 

22.1 

27 

5-3 

19.2 

189 

112 


■SB 

22.7 

28 

54 

19.7 

196 

116 



23*3 

29 

5-6 

20.2 

203 

119 

27.4 

m 

239 

30 

S-8 

20.7 

210 

122 

28.1 

124 

24.6 

31 

5-9 

21.2 

217 

126 

2S.8 

12.7 

25-1 

32 

6.1 

21.7 

224 

129 

29.5 

13.0 

25-8 

33 

6.3 

22.1 

231 

133 

30.2 

J 3-3 

26.3 

34 

6.S 

22.6 

238 

136 

30.9 

13.6 

27.0 

35 

6.6 

23.1 

245 

139 

31-5 

139 

27.6 ’* 

36 

6.8 

23.6 

252 

143 

32-3 

14.2 

28.2 

37 

7.0 

24.1 

25 Q 

146 

33.0 

14.S 

28.8 

38 

7'2 

24.6 

1 266 

150 

33-8 

14.9 

29.5 

39 

7-3 

25.1 

273 

153 

34.4 

IS-I 

30.1 

40 

7-5 

25.6 

280 

156 

35.2 

15.5 

30.7 

41 

7-7 

26.1 

287 

160 

359 

iS -8 

31.3 

42 

7.8 

26.6 

294 

163 

36.6 

i 6 .i 

31-9 

43 

8.0 

27.0 

301 

167 

37*2 

16.4 

32.S 

44 

8.2 

27.5 

308 

170 

38.0 

16.7 

33 -* 

45 

8.4 

28.0 

315 

173 

38.7 

17.0 

33.8 

46 

8.5 

28.5 

322 

177 

39.3 

17.3 

34.3 

47 

8.7 

29.0 

329 

180 

40.1 

17.6 

350 

48 

8.9 

29 s 

336 

184 

40.9 

18.0 

35 *<> 

49 

9.1 

30.0 

343 

187 

41.6 

18.3 

3^-3 

50 

9.2 

30.5 

350 

190 

42.2 

x8.6 

36.8 


* See xu>te pegt I277< 
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Table 225. —Concluded 





• See note paRe 1277. 
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GRADING INSPECTION 

Roiigh Grading. —Rough grading means all of the work prelimi¬ 
nary to the finished shaping, and includes moving practically all 
the dirt that is to be handled. It is particularly important to 
supervise this stage of construction, as it is here that the construct¬ 
ing engineer regulates the placing of the best material in the center 
(under the metalling) and the poorest material on the sides. 

In order to grade economically, the contractor and inspector 
should each be furnished with lists similar to those given below (Fig. 
334), showing, in a convenient form, the amount of excavation 
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Fig. 334.—Grading quantities. 


station by station and within what Ixjunds it is to be placed, or a 
mass diagram can be prepared as explained on page 997. 

Cuts. —For cuts over 3' deep, slope stakes are placed and care 
taken that the slopes are properly carried down. If excavated 
beyond the finished lines, it is practically impossible to make a back¬ 
fill that w'ill hold, and the resulting irregularities are unsightly. 
This is impossible where a steam shovel is used, in which case the 
slope is cut to the half-slo|)e line and the upper earth plowed down 
to complete the lower portion in fill. 

Fills. — For fill slope, stakes are set in the same manner as for 
cuts.* The earth should be deposited in thin layers, 6 to 8" deep, 
extending from slope to slope, and each layer well compact^ 

* Slope stakes can be located directly from the templet cross-section 
which is a much easier method than the railroad practice of rod and level 
computation. 
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either with a roller or by driving over it with wagons in the process 
of building. Where the old surface has a steep slope, it raust be 
plowed to give a good bond with the new fill and prevent slide. 

It is bad practice to build the center of the fill and then shovel 
loose material of! of the edge to widen the slopes, as this loose side- 
fill is not compacted and under the action of frost will nearly always 
slough away from the harder central portion. 

To get the full benefit of the teaming in compacting the dirt, a 
deep fill should be started at a point nearest the cut from which the 
material is hauled and each load driven over the loose layer. In 
this way nearly every fill can be better compacted than by the use 


Fig. 335.—Fills land in layers. 

of a roller alone. For long fills where there is considerable team¬ 
ing over each layer, a roller is not usually needed. 

Wet clay or heavy loam should never be placed in the bottom of 
a fill, as it dries slowly when not in contact with the air and keeps 
the fill “spongy.” The writer has seen cases where fills not over 
y deep have remained soft for 2 months where wet material had 
been used, and it was finally necessary to remove it. 

For shallow fills 6" or less in depth, the underlying hard roadbed 
must be plowed or scarified in order to bond the new thin fill with 
the old surface. This applies only to the area under the pavement 
proper. 

Transferring Grade from Stakes.—A handy level for transferring 
the grade from stakes to the center of the road is shown below. 


String 


a 


Ring 


Fig. 336.—String level. 

If well made and properly used it will transfer the grade elevation 
50' with an error of less than 2”, which is close enough for this 
stage of the ctjnstniction: Its proper use depends on its being 
located midwa}' between stake ana hand. If held close to the 
hand the grade transfer will aUva>"s be low due to sag of the string. 

Ditches.—The ditches must always be dug out enough to protect 
the center grading before the fine grading ^tone trench) is com 
Dieted, and it is usually cheaper for the contractor, as well as better 
for the road, to dig them out before the fine grading begins. 

Regulation of Materials in Fills. —In fills, particularly shallow 
ones, the road can be neatly improved by a judicious selection of 
available materials. Material taken from two nearby cuts, or 
at different depths in the same cut, will often vary in character 
and the most experienced man on the job should indicate which 
materials to use in the center of the fill, under the metalling, and 
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which on the sides. The soils in the order of value for fills are 
gravel, coarse sand, loam, and clay. For shallow fills on a good 
foundation, clay should not be used under the stone, and a good 
material must be overhauled or borrowed. It is better to avoid 
overhaul if possible, as it is an item liable to be disputed as to the 
amount. Where it is necessary, a good practical method of deter¬ 
mining the amount of the small quantities of earth usually needed 
is to keep track of the number of wagonloads overhauled from sta¬ 
tion to station. 

Sod may be used in the sides of the fill but should be kept at 
least 3' outside of the pavement edge. It should never be used as 
a shoulder dose to the stone or in the center of the fill under the 
metalling. 

The author wishes to emphasize the importance of this regulation 
of material. At present tne inspection of rough grading is often 
confined to keeping the sod from the center fill, and the center fill 
is made of dirt just as it happens along. As a result, the subgrade 
will vary greatly in character and if a uniform depth of stone is 
used over this “spotty” fill, the results are often not satisfactory, 
while if the depth of stone is varied to meet the subgrade conditions, 
an unnecessary amount of stone is used. In cases where there is no 
choice of earth materials, the stone depth must be made thick 
enough to meet the requirements of the grade. See Tabic 153, page 
959 for macadam depths on different soils. 

FINE GRADING FOR STONE TRENCH (MACADAM ROADS) 

The fine grading includes the shaping and consolidation of the 
stone trench. 

The construction shoulder must be at least 2.5' wide and well 
consolidated in order to hold the macadam solidly during rolling. 
This must be watched continually by the inspector, as it is a jxfint 
often slighted. 



Shap^ the Grade.—A simple guide for shaping the grade is 
shown in the accompanying sketch (Fig. 337) and con.sists of three 
strings (center and sides) stretched between pins driv(*n at least 
every 50' and preferably every 25'. The pins should not be placed 
at intervals of more than 50', as this will cause objectionable sag 
in the lines and the grade will be undulating. On vertical curves 
at summits, the pins should be placed at from 12 to 2^' intervals. 
The grade elevation is transferred and the* lines carefully set at 
their proper elevation bv means of a straight-edge, level and rod, 
or by stretching a line between grade stakes on opposite sides of 
the road as previously described. The string level recommended 
for rough grading cannot be used, as it is not sufficiently accurate. 
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The general level of the finished consolidated fine grade should 
be correct to witiiin i". This leeway of i" from the figured gi^e 
makes it possible to get satisfactory results without wasting time 
on finical work and does not appreciably affect the total amount 
of excavation, as the errors tend to balance. There should, how¬ 
ever, be no short, small irregularities of grade noticeable to the eye. 
Continuous inspection on shaping the grade is not necessary. 

Consolidating the Grade.—Most soils when slightly moist will 
consolidate readily if thoroughly rolled. Clay, heavy loams or 
excessive ly fine sandy loams (quicksand) wall not pack when W'et. 
Continued rolling is injurious for these soils in this condition, as 
they will ‘‘work” under the roller. If they occur only in small 
j>ockets, they can be removed and replaced with good material; 
if in stretches of any length the grade must dry out before placing 
the stone. Underdrains are constructed at this time, where 
necessary, and the surface ditches are cleaned out and made 
effective. Where a hard shower has softened the surface only 
of a previously consolidated grade of this kind and the contractor 
wishes to lay stone, the surface can be hardened by spreading a thin 
layer of gravel or waste ^4" stone and rolling into the earth. *This 
will help in preventing the stone teams from cutting up the grade. 

Gravels and finely pulverized clay, or clay loams (deep dust), 
will not consolidate when dry; such material must be thoroughly 
sprinkled to get a compact grade. It is not, how'ever, customary 
to sprinkle coarse gravels, even if slightly loose, 2(s no objectionable 
results follow from placing stone on such a grade; deep clay or 
loam dust is objectionable and must be sprinkled. 

Coarse sand makes an ideal foundation but is hard to keep in 
shape while placing the first layer of stone. In some cases sprink¬ 
ling will harden it sufiiciently; in others a layer of fine loam has 
been spread over the sand and flushed in with satisfactory results. 
Sometimes where loam is not available, a cheap cheesecloth has 
been spread over the top of shifting sand to prevent the stone from 
punching in too much under the roller. The author has never 
encountered any coarse sand that could not be satisfactorily treated 
by sprinkling and covering with i or 2" of stone; the blanket 
of stone prevents the sand from squeezing up into the loose 
bottom stone and spreading the fragments. 

While coarse sand makes a good foundation, a fine sand or 
sandy loam appro.iching quicksand is very treacherous; it is difficult 
to judge the degree of fineness at which a sand becomes treacher¬ 
ous, particularly when it is dry. A sieve test can be made (not 
over 30% should pass a 100 sieve), but a good practical method in 
the field is to saturate the material thorougnly with water; a 
satisfactory sand becomes more compact while an exceedingly 
fine sand gets “quaky.” 

SUBBASE MACADAM ROADS 

Determination of Stone Depths and Construction of Subbase. 
Practically the only engineering problem that the constructing 
engineer has to solve is that of foundations. It is recognized by 
most designers and estimators that it is impossible from even a 
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careful preliminary examination of the soil to specify exactly the 
amounts and depths of foundation stone. To meet this an extra 
quantity of suboase or bottom stone is allowed the constructor, 
to be used as he sees fit. During the progress of the rough and fine 
grading the exact limits of the ditlercnt kinds of subgrade soil are 
determined and the stone depths varied according to his judgment 
see p. 437). Men that really understand this part of the work are 
hard to get, as it is only from extended experience and intelligent 
study of their own failures and successes that a sound judgment is 
developed. An examination of Table 153 (p. 959), will help a 
beginner. A good constructing engineer is much more dillicult to 
find at present than a good technical designer. 

Where subbase is used, the subgradc is dug out to the required 
extra depth and rolled if it is in such shape that it will not “ work.” 
Peat, muck, wet fine sand or wet clay cannot he rolled until the sub- 
base is placed and filled. Where it is possible, such soils should be 
drained and allowed to dry before placing the base, but it is often 
not feasible to dry them enough to allow rolling, even though 
underdrainage is put in, which partially hardens them and suc- 
cessfillly protects the road after the stone has been placed. Thi.s is 
particularly true on flats where it is hard to get an outlet for a 
drain or in the fine sands on which an underdrain has little elTcct 
on account of the capillary action of the material. Where a soft 
subgradc of this kind is encountered, a stony gravel makes the 
best subbase, as it contains no voids betw^ecn the larger fragments 
and when rolled the soft underlying material cannot squeeze up 
through the course. In case boulder or ouarry-stone base is 
used on a soft grade, it is necessary to lay them in close contact 
by hand and then fill the voids completely with gravel or stone 
before rolling; otherwise the subgradc material would squeeze up 
between the stones, separating them and partially destroying the 
cflSciency of the base. 

In the spring and fall of the year it is common to find good 
material so saturated from long-continued rains that it acts badly 
under the roller, and instead of waiting for the grade to dry out, 
when the normal thickness of stone would be sufficient, subbase is 
often put in either to help the contractor so that he will not be 
delayed or because the engineer is misled as to the character of the 
material. This results in a waste of money. On the other hand, 
clay, when thoroughly dry, is hard and firm, which often influences 
a new man to omit subbase where it will surely be needed. 

The use of subbase should not depend too much on the action 
of the grade under the roller unless tnc degree of saturation of the 
material is considered, although it serves as a guide in locating 
doubtful spots. The final determination should depend on test 
pits or bar and core soundings, which develop the character of 
the underlying material. See Table 153, page 959, for macadam 
depths on different soils. 

^e subbase is constructed, as explained under Foundations, 
page 4JO, either of gravel, boulder or quarry stone. The depth is 
gaged by lines. The ratio of loose to rolled depth is given on page 
1132. 
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Continuous inspection is not needed on subbase; the depth of 
grading is checked before the stone is placed and the width, depth, 
and workmanship can be readily determined after the base is 
completed, and by an occasional inspection during the progress of 
the work. 

Bottom Stone. —The earth subgrade must be firm and compact 
before the stone is spread. Bottom stone must never be laid on a 
soft grade. One ot the most common slips of inspection is to 
allow tliis to be done, and the result is a “punky” bottom course 
that is never up to standard. The distributing power of this 
course depends largely on the stone fragments being firmly inter¬ 
locked; if the stone is placed on a soft grade and rolled, the earth 
will sciuccze up between the fragments and separate them. 

The depth of the loose stone is gaged by the lines or cubical 
wooden blocks placed on the suhgrade. Blocks are more conveni¬ 
ent than lines except over subbasc of stone fills, where lines must 
be used to get a s[)rcad true to shape and grade. The ratio of loose 
to rolled depths is given on page 1168. It is impossible properly to 
consolidate more than of loose stone. If the depth of bottom 
course is greater than 5'' consolidated thickness, it must be laid, 
compacted, and filled in two or more layers. 

Tne loose stone is rolled until the stones are solidly interlocked 
and there is no movement under the roller. A single 10 ton, $ wheel 
roller can properly consolidate and fill about 100 to 125 consolidAxUd 
cu. yd. per day of 10 hours. A thin layer of satisfactory filler (see 
Materials, p. 715) is spread over the top, rolled, and broomed in; 
the process is repeated until the stone is thoroughly filled. Contin¬ 
uous inspection on bottom course is not necessary. The widths 
and depths can be readily checked by occasional inspection. 
The throe points to be carefully watched during construction arc: 
(i) that the grade is firm, (2) that the loose fragments are 
thoroughly rolled before the filler is applied, and (3) that the 
finished surface is true to shape and grade, as a permanently 
smooth top course cannot be constructed over a humpy bottom; 
the top course must be uniform in thickness. A great many 
inspectors believe the contractor when he tells them that he 
can smooth up the job with the top course. He can temporarily, but 
the sccond'Sea.son result is hell. 

It is desirable to complete the bottom course well in advance of 
the top, in which case tne contractor can work to advantage after 
rains, and the course will be better compacted by subjecting it to 
some traflic action. 

Where local stone is cnishcd on the job and the stone used ranges 
in size from i" to tailings, care must be used in spreading that the 
sizes are well mixed, as [xickctsof fine or coarse stone are objection¬ 
able. The simplest method of mixing is to run the different sizes 
into one bin at the crusher; if they arc separated they can be well 
mixed by loading one end of the wagons with the to 2?-$" and 
the other end with 2J4 to 3H^^ when dumped on the grade 
they will run together. When difficulty is experienced with these 
methods in obtaining a well-mixed stone spread, the loose stone 
can be harrowed. Many specifications call for harrowing thor- 
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oughly where a lar^ range of crushed-stone size are allowed in 
one course. If possible, tailings should be used as subbase. When 
used in the bottom course having a rolled depth of 4 or 5", they 
should be placed in the lower part of the course, but for a 3" 
depth they should be placed on top and broken with a knapping 
hammer into fragments of less than 3^2'^. 

The filler should not be dumped directly on the stone unless 
absolutely necessary. Drawing the loads onto the unfilled stone 
loosens the course, and, also, at each pile of filler there is apt to be 
left an excess which is hard to clean olT. 

The approximate amount of filler required per 100', and the 
spacing of i3^-yd. loads are given below. 'I'he amount varies for 
the different materials used. 

Table 226.—GmxG the .\pproximate Amount of Filler 
Required per ioo' of Road for Crushed Stone Macadam 
Bottom Courses of Diff?:re.st Widths and Depths, 
Using 0.35 Cu. Vd. of Filli.k per ('i hic Yard 
OF Roliki) Borrr)M 
(In cubic yards) 



Table 227.—Giving the Approximate Spacing op i 5-Cu. Vd. 
Loads of Filler for the Widths and Depths Shown 
IN THE Preceding Table 
(In feet) 
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Grading and foundations have been treated at some length, as 
they are the most difficult parts of the construction. 

Pit-gravel Bottom or Subbase Bottom.—A stony gravel con¬ 
taining not over 15% of loam makes a satisfactory course; the 
depths vary from 4 to 18"; pit or creek gravel even when unusually 
coarse has from 40 to 60% of fine material; a suitabk gravel for 
pit-run bottom should not contain more fine material passing a 
screen than coarse material retained on a screen. If 
there is a large excess of fine, the gravel should be screened and 
rcmi.xed at the bin in proper proportions. 

The great difficulty in this construction is to get proper con¬ 
solidation without too much delay. It is advisable to lay a course 
of this kind at least 2 weeks ahead of the top stone in order to give 
trallic and rains a chance to help consolidate the course. The 
addition of 10' ^ of loam to clean gravel will quicken the consolida¬ 
tion. This can be done either at the pit by leaving a thin layer of 
loam, when stripfung, which runs down with the gravel in loading or 
by placing from } 2 loam on top of the gravel as spread on 

the road. The author has succeeded in getting rapid consolidation 
by snatching loaded teams over tlie loose course with the road 
roller; the roller continually smooths out the gravel and eases the 
haul for the teams; the horses’ hoofs and wagon wheels punch into 
the gravel and pack it down rapidly. Sprinkling helps. A gravel 
bottom consolidates unevenly ai.d it is always necessary to reshape 
it s<3mewhat after consolidation; about 10 cts. per cubic yard should 
be allowed for this reshaping of crown and elimination of humps 
and hollows. A properly consolidated gravel bottom will permit 
a 4-tt)n k)a(l on ^ 2* ^*rcs passing over it w lhout making a wheel 
mark over cicep; this is a simple available construction test. 
\Vc have gone into some detail covering this construction as it is the 
most economical ty[)e of lK)ttom in a large number of cases but is 
not generally favored because it is harder to consolidate than the 
other types of bottom. With a 3"or preferably a 4" macadam top 
it has proved perfectly satisfactory on Class 111 and IV traffic 
roads. 

'I'hc depth of gravel is gaged by blocks or lines and the ratio 
of I(Hise to rolled dejith is appro.ximatelv 1.20. 

Water-bound Top. —\Vater-l>ound lop is constructed in the 
same way as the bottom course except that stone dust is used for a 
hller and the course is [uiddled as has been described (see Specifi¬ 
cations, p. 1454b 

If the stone used is a local stone crushed on the job, the output 
of the crusher must be carefully controlled, especially when selected 
lw)ulders are us(‘d, as it is very imiH)rtant that the size and quality 
of such stone shall be uniform. 

Materuils Required. 

For amount of limestone screenings, see page 1168. 

For amount of stone required, sec page 1168. 

For ratio of l(X)se to rolled depths, see page ir 08 . 

For suitability of materials, sec page 440. 

For amount of water, sec page 1172. 
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Imported stone can be inspected on the cars. Aside from this, 
comparatively little inspection is required except at the stage 
when the loose stone has been rolled and before the screenings are 
spread. At this time the inspector should examine the rolled 
course very carefully to see that it is true to shape and has no short 
depressions or humps. The smooth-riding quality of the road 
depends on this inspection and too much care cannot be taken. 
This point is particularly emphasized, as many stone roads have 
been criticized as rough for automobile traflic. .Any depressions 
are filled with stone of the same size as the body of the course and 
rolled, after which the course is again inspected and corrected 
until it is made true. The screenings are then spread, broomed in 
dry, and puddled. In puddling use plenty of water and roll 
rapidly. If a pipe line and hose are used, a pressure of 100 to 125 
lb. at delivery should be maintained. The road can be conven¬ 
iently puddled in stretches of 100 to 200'. 

After the road has dried out and been open to trafiic, if raveling 
occurs, it can usually be remedied by light sprinkling and rolling. 

Where the top course is granite, gneiss, or trap, it is often neces¬ 
sary to use a certain percentage of limestone dust with the normal 
screenings. The limestone is more effective when spread last, 
filling the top voids of the course. 

Bihiminous Macadam: Penetration Method. 

Amounts of material, see piK^r^ 44^' and i 1 

The main points to be controlled in biiuminous-m.icadam top are: 


1. Pro^r size of stone. 

2 . Uniformity of spread. 

3 . Proper depth of sprcarl. 

4. Proper prchminary rolling and truinR tip of stone spread. 

5 . Proper ncatinK and spread of bitumen. 

6. Insistence on thorough final rolling. 

7 . Construction inspection reconis. 

8 . See also Specifications (p. 145^*). 


Under careful inspection, a top course of this type is smooth 
riding and should not develop inetpialities of surface over " in 10'. 

Practically all the inspection items have been discu.ssed, but for 
convenience of readers who merely refer to this paragraph without 
following through the discussion in Chap. VI tlic essentials will 
be repeated. 

A uniform-sized clean grade of coarse stone is inqxirtant; ili 
to 2}^" is usually specified and the inspector must c.xamine all 
rail shipments during unloading and as delivered on the road to sec 
that not over 15% of the stone as spread is less than in size. 
Undersized or non-uniform stone should be rejected. In spread¬ 
ing the stone, small pockets of fine stone which always occur at 
intervals even with the best grade of aggregate must be dug out 
and replaced with well-graded aggregate. The depth of the loose 
spread must be checked. The depth of spread is usually regulated 
by cubical blocks of wr>od resting on the subgrade. The amount 
ot stone used can be checked by railroad weights if im[)orted stone 
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is used. For the proper amount of coarse aggregate, see 
page 447. After the preliminary rolling, a careful inspection of 
the course should be made for humps or hollows. This is the 
proper time to eliminate such defects, and all inequalities in the 
surface must be corrected by removing a small amount of the stone 
or adding additional iK to 2}^" size and rerolling. Inequalities 
never can be fixed by the addition of small-sized stone. Stone 
spread docs not require continuous inspection, as all faults can be 
detected by examination at any time before the bitumen is applied. 

A careful check must be kept on the temperature of the bitumen, 
as overheating is very injurious and underheating spoils a free- 
llowing spread. Temperature should be tested with a thermometer 
at short intervals, but after a little practice the inspector can tell 
by visual inspection whether the temperature is proper. If too 
hot, a heavy white smoke develops on pouring. If too cold, the 
bitumen [>our is a rubbery-like sheet. Maximum and minimum 
temperatures arc given in all specifications and vary for the material 
used. The inspector must reject all overheated material as too 
many failures have resulted from carelessness in overheating. 

In afiplying by whatever method, care must be exercised to 
prevent frequent cases of overlap, as waves or humps develop at 
these fxiints. These defects do not appear for some time after 
the road is opened for tratlic and the inexperienced inspector 
fails to realize the necessity for care in this particular. As soon 
as the bitumen is spread, the inspector must examine the spread 
carefully, and where ix)ols of bitumen occur (a few cases will 
always occur even with the greatest care), the entire top course 
(stone and all) must be removed and replaced with new stone, 
tamped or rolled, and repoured. Lean spots should be given a 
little extra bitumen. The in.sr>cction of bituminous application 
must be continuous and is vitally important in the success of the 
pavement. Specifications generally state that the stone must be 
clean and dry. Bitumen should not be spread if the stone is 
dirty, but practically a slight dampness is not injurious. It 
should not be wet but a slight dampness docs no harm; a practical 
test is that there must be no pK^ols of water in the bottom of the 
course and the stones must not be so damp that a hissing sound is 
produced when the bitumen is applied at a temperature of 300 to 
340°F. In the writer’s opinion, the air temperature should not be 
less than 5o°F., as bitumen applied in cold weather is so chilled 
when it strikes the stone that an excessive amount is retained on 
the surface. As .soon as the bitumen is applied, a thin layer of 
stone is sprea<l over the surface and rolled lightly; continued rolling 
at this point is injurious, as freshly laid bituminous tops tend to 
shove under the roller and form waves. The road can be thor¬ 
oughly rolled and shaped to advantage only after the bitumen has 
had some time to harden. Good results have been obtained by 
rolling thoroughly the succeeding day after the binder is applied 
unless in the meantime rain has saturated the course, in whicncasc 
it must be allowed to dry before rolling. In the author’^ opinion, 
the best method of rolling is to roll twice over lightly each morning 
for 10 days and gradually bring the road down to a hard firm surface 
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giving it a very thorough final rolling at the end of a week or 10 clays. 
The roller must not be reversed suddenly. It must run easily 
to rest and start gradually. Before rolling is started the 
stone should be spread evenly and any excess broomed off. 

One roller can handle an average of approx. 8o~ioo cu. yd. consoli¬ 
dated top per day. If the rate of spread exceeds this amount 
additional rollers will be required. Rollers should be the 3 wheel 
t\T>e of at least 10 tons weight. 

The amount of bitumen spread per square yard is usually 
controlled by spreading a given number of pots or hods or tanks 
in a given length of the road. 'Fhese units of length can readily 
be marked off by the inspector with a stick or tape. This method 
will be satisfactory if checked up twice a day by tlie number oi 
barrels used. When the binder is heated in small kettles, it will 
sometimes catch fire, but this is usually due to scale which has 
collected in the tank, and if cleaned out, it generally remedies the 
trouble. Bitumen has different volumes at different temperatures 
(see following table). The inspector should bear this in mind; the 
rate of application generally applies to 6o°F., so that a correction 
is necessary if tanks are rated by volume capacity at s[)reading 
temperatures of 250 to 350®!'. The simplest method of measure¬ 
ment and payment is by the pound or ton weight unit bases. A 
volume-correction table follows. 


Tabi.k 228 

To 400®F. is approximately 12% volume increase 
To 350®?. is approxinuitoly 10‘‘o volume increase 
To 300®?. is appr-jxnr.ately 8‘c volume mrreasc 
To 250®?. is approximatelv' volume increase 

To 200°?. is approximately 4% volume tn<Tease 
To 150°?. is approximately 2'^0 volume increase 
To 60°?. is approximately 0 % volume reasc 


Where bituminous materials are heated by steam it is often 
convenient to know the temf)crature of steam at different pres¬ 
sures; the following table is inserted for this fiurjKise. 


Table 229 


Pressure 

gage, 

pounclf per 
square inch 

Tempera¬ 
ture of 
steam, 
degrees 
Fahrenheit 

Pressure 

gage. 

! jiounds per 
square inch 

i 

Tempera- , 
ture of I 
ste.'im. 1 
degrees 
Fahrenheit 

' Prcs.su re 

1 gage. 

fKnind.s per 
..quarc inch 

i 

Tempera¬ 
ture of 
steam, 
degrees 
I'ahrcnhoit 

15 * 


100 

328 

200 

382 

20 

228 

120 

34* 

220 



267 

IdO 

3 S3 

2^0 

397 


293 

160 

3^3 

I 200 

404 

80 

312 

180 

373 

j 280 ' 

' 41 * 

100 

i_ 

328 

200 

382 

1 300 

1 i 

417 


‘ Normal air presttire. 15 lb.; to get ordinary steam gaKc readinR subtract 
15 lb. from the value# given in thU table. 
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INSPECTION RECORD FORM 

Name of Road: Pittsford-Naples 
Date: July 21, 192 a 

Inspector: John Doe 
Engineer: Richard Roe 
Contractor: John Smith 


Record of Inspection 


Bottom course: Exiiinined and approved Sta. 125 -f so to 140 -t- 00. 

Two depressions Sta. 135 -f 20 and 137 + 30 filled in 
with No. 3 stone rolled and filled. 

Top course, stone spread: Sta. 125 f 50 to 131 -f 25 examined and 
approved; no corrections necessary for depth 
or uniformity. 

Binder coat (a.sphalt): Sta. iioto 124 -f- 10. 

Official acceptance, dated July i, 1922. 

.Method. han<l spread. 

No. sq. yd. covered. 010. 

No. gal. used. i.f'50±. 

Rate of application, 1.8 gal. per sq. yd. 
Temperature, Max. 340®, .Min. 290® 

Air temperature. 60® to 80®. 

Seal c<\at: None used on this road. 


Finish rolling Sta. 85 to 90. 

Routine roiling 90 to 126. 

Remarks: 40 gal. bitumen rejectc<l on account of overheating small amount 
left in one kettle. 


Signed, 

JOHN DOE 


CEMENT-CONCRETE PAVEMENTS 

Amounts of material, see pages 461 and 1145. 

^‘Manipulation of Concrete. Inspection Details. —The following 
<|uolation from New \'ork Instructions outlines the main 

points to be considered in connection with concrete pavement 
construction: 


ont: c:ourse plain and rkinforckd concrete 

“The fundamental requirements to be followed in building a 
plain or reinforced-concrcte pavement according to our Standard 
SjK.*cifications are: 

1. Properly prepared suhgradc. 

2. Thorough and complete drainage system. 

3. Full depth of pavement. 

4. Full cement content. 

5. ('lean and well-graded aggregates. 

6. Proper proportioning cd aggregates. 

7. Accurate water measurement. 

8 . Mixing interval to he at least \ minute. 

9. Placing reinforcing material as specified. 

• 10. Proper compaction of concrete. 

It. Staking joints securely and placing them exactly perpendicular. 

12. Finishing at the proper time and according to snecifications. 

X3> Curing for the full period called for in the 6(>ocincatinns. 
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^‘The surface of this t>;pe of pavemehtcan be made even and true 
and free from waves, irregularities, and uneven joints. When 
defects are found, they are the result of lax inspection and poor 
workmanship. 

‘‘Prelimiiiary Preparation. —Before starting to lay the concrete 
pavement, the inspector must see that the contractor has his 
concrete mtxer, subgrade tester, roller and belt or finishing 
machine, split float and bridge for finishing at joints, straight-edge, 
template tor reinforcement, edging kwls, stone forks, charging 
conveyances (of uniform size), measuring boxes, steel bulkheads, 
forms, pins for staking, striking template, reinforcing fabric in 
flat sheets, expansion-joint material in straight full or half lengths, 


^ crj doffs spaced 12 c. fo c. fhreadedwrfh Nuts and Hashers 
^ foadjustfoproper ferigth fo^efanp desired Crown Ci/rwe 


c=r[~ 

-ffS . 

1 " 1 

_ 

I ^4x4 Timber?fonper 

L ; fhan width offhvemenf 

■ i; 

: *1 _J 

L. __ _. CUD 




^ Side form /' 



Variabh Disfarree fo produce 
proper depih of Sub-Grade 
oehw fop of forms andproper. 
Crown shape 


Sub-grade teeter. 

Pig. 338.—Sub-grade tester. 

covering canvases and forms for same. The mixer must be 
equipped with timing and water-measuring devices, as well as 
satisfactory charging skip and discharging chute or bucket as 
specified. It is necessary that all this equipment, tools, arid 
material be first class and approved by the division engineer 
before the work of placing concrete wearing surface may be started 
and that they be kept in first-class condition during the progress 
of the work. 

Aggregate. —The fine and coarse aggregate shall be well-graded, 
clean products which have been tested and approved by the 
engineer of tests before being used in the work.^ Field tests 
must be made daily for sizing, loam content, and organic 
impurities. The inspector must watch carefully the materials 
as they are delivered to the w'ork and in case of rail shipments must 
have an understanding with the contractor that W must be 
notified in order that the cars can be inspected for acceptance or 
rejection before unloading.^ 

“Each material must b* kept clean and not allowed to become 
mixed with dirt and other materials. Fine aggregates must be 

* See Chapter II for test methods. 

• Central hatching from large stock is generally specified to prevent dirty 
aggregate. 
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shoveled and coarse aggregates forked from the tops of the piles 
in order to minimize the chances of picking up dirt. Aggregates 
that cannot be forked or shoveled clean must be rejected. 

“Freauent visits should be paid to the sand pits and quarries, 
especially those in which there are questionable materials. In 
stone quarries, consideration must be given to stripping and the 
disposal of unsatisfactory waste. Screen openings must be 
checked and the proper facilities adopted that will insure a 
thorough mixture of sizes. 

“Cement must be carefully stored and kept dry. Under no 
conditions shall it be placed on the ground. Samples of each car, 
when not tested at the plant in accordance with instructions, 
must be sent to the laboratory. Pending a report the cement 
cannot be used. 

“Forms. —l orms shall be erected only after the subgrade has 
been properly prepared. The subgrade tester shall be operated 
from these forms m accordance with the specifications to insure 
the proper dcjith for the pavement at all points. The subgrade 
tester must remain at the mixer at all times and must be used at 
each move of the mixer. [This stipulation is not always feasible. It 
is belter to check the grade with the tester for a hundred feet ahead of the 
mixer and then correct any small rutting due the teaming or moving 
the mixer by eye. A tester under the mixer boom is an abomina¬ 
tion.] It always must be used in a vertical position and when 
being moved shall not be raised from the side forms. A string 
level should never be used in setting side form. A suitable true 
straight-edge and 3' carpenter’s level must be used and the level 
must be checked for accuracy by reversing it. 

“Only straight, substantial, and clean forms shall be used. Wood 
forms should only he used for curves of less than 150' radius. All 
unsatisfactory or rejected forms shall be removed from the work. 

“Wooden forms must be used on curves of 150'radius and less. 
Sawcuts shall be made at frequent intervals to obtain the necessary 
true curx^ature. 

“.Ml forms must be oiled or greased each time before use. 
Straightening must be done whenever necessary. 


Tablk 230.—Middle Ordi.n'ates for String Lining Curve.s, 
IN Inches 



1 i j j j 1 1 j ^ 

Length of chord in fret along gage.| 

100 98,93 87 82 76 1 69 '62 $8 i 

1 1 1 1 1 i 1 1 j 

Middle ordinate for r* curve .i 

»■»!;!»«!»«! i'j<l 

1 1 1 I i 1 1 > 1 1 


Length of chord in feet along gage. 

M 1 J 

53 49 44 38, 35 

1 1 ' 1 

3 oj 25 jaoj IS 

Middle ordinate for I* curve . 1 

1 

ar. 

He 

Ik'x.'h'k. 

[ ' 1 ' 


Tr* ffet midd 1 « ordinate for any curve multiply the value given by the 
degree of curvature of the curve m question. 
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“ Forms must be sot accurately and substantially. Poor line 
and grade are not only annoying in appearance but result in uneven 
surfaces and indicate careless work. Forms shall be protected 
against any disturbances such as dumping materials. 

“ The subgrade must be brought to a true elevation and rolled 
to a width of at least iS'" outside of the form line. The practice 
of blocking up forms on stones where the subgrade is low and after¬ 
wards tamping a loose dirt till inside and along the form must never 
be allowed. If the subgrade is found to be too low after forms are 
placed, they must be removed, the suhgrade brought to the proper 
elevation and rolled for the requiretl width before the forms are 
finally reset to a full and even bearing on the sul)gra(lc. 

I'wo hundred feet on both sides must be set at all times in 
advance of the mi.xer. There shall be string line stretches on one 
side, then checked by eye in order to detect any irregularities. 
Special attention should be given to joints in forms, and when tops 
ot forms do not coincide at these points, the forms slnmld fje 
rejected. Short curves and parts of the tangents should be laid 
out at the same time in order to get an intelligent check. Middle 
ordinates for various lengths of chords for the dilTerent curves 
should be at command, in order to eliminate kinks and uneven 
curv'cs.^ .\ line of forms shall be securely staked to this string line 
and then the opj)Osite side is plac<‘d. Care must be used to get the 
prop>cr width and elevation for op{M>site forms. 

“ Curves shall be widened and superelevated in accordance with 
standards when indicated on the i)lans. 

Grades as shown on plan shall be on the normal center line of 
the roadway on supcrelevated curves. No concreting shall start 
on a widened curve until forms are erected and checked on l>oth 
sides. 

“ .Ml forms must be removed within 24 hr. after concreting. 

“ The insfx'ctor should carefully examine the edges of the pave¬ 
ment immediately after the removal of the side forms and. if 
concrete is honeycombed, have it sealed with cement-sand mortar, 
afterward insisting on a more adecjuate spading of the concrete 
adjacent to side forms. 

^^Meastiring Devices, Checking Quantities and Composition.- 
Proportions shall not be varied for any reason without apj)roval 
of the division engineer. The correct measuring of all materials is 
cs.sential in securing satisfactory work. 

“ The contents of all profKirtioning lx)xcs and batch l>oxes must 
be determined by accurate measurements and such changes as 
are necessary in regulating the prof)ortioning must be made prior 
to be ginning operations. 

“ Tlie inspector must keep accurate check on the amount of cement 
used and maintain a daily record of the length of pavement laid 
and the quantities of cement required and used. 

“ The inspector shall arrange for the weighing of an occasional 
bag of cement to see that they contain 04 lb. net (with an allowed 
variation of 5%) and must be sure that the man dumping cement 
shakes the bag well in order to get the entire amount out of the 
sack. 

1 Sm page 1301. 
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“ The number of empty bags must be counted about every 2 hr. 
and then placed in separate piles or removed from the work. 
This method will relieve accumulation of any shortage or excess. 

“ The use of industrial systems will require one inspector at the 
material yards. Cars on which the aggregates are measured 
direct must have separate and vertical compartments for each 
kind of aggregate and must be of the exact size of th** batch in 
order to insure correct proportions. 

“ C ombined aggregates shall not be permitted to be meaisured in 
vortical containers of one opening. In this case especially arranged 
measuring devices must be used for each aggregate from which 
the container can be filled. 

“ C are must be used in protecting the cement against wind during 
the loading process. If necessary, erect a canopy. In cars when 
the cement will be exposed, lids or covers must be used at all times. 
UndtT no conditions permit cement that cannot be used immedi- 
atel\’ to be loaded on industrial cars. 

“ Smie jol)s will require different methods from these, depending 
on the contractor’s equipment. Consideration must be given and 
if there are any unusual features, the division engineer should be 
called to tlie work for final decisions as to the method to be used 
by tlie insjiector. 

“ Consistency.—The consistency of concrete is very important 
because the strength is greatly reduced by the use of excess water. 
Only sufficient water shall be used that will form a concrete similar 
in consistency to moist (not wet) earth when a finishing machine is 
need and quaking wet for hand finishing.‘ The inspector must 
note the moisture of the sand in order to vary, whenever necessary, 
the amount of water. (See also pp. 461 and 744 for consistency 
and slump tests.) 

“ The contractor shall be required to have a glass gage on the 
mixer in order visually to determine the quantity of water for each 
batch, ICxamination must be made of all valves and pipes in the 
mixer to detect leaks which cause non-uniform amounts of water 
per hatch, 

“ The concrete shall be particularly dry for finishing-machine 
work. A wet concrete will not only be low in strength but a scale of 
mortar may be formed which will peel off in course of time under 
traffic. I rcijuent examinations throughout the day’s work should 
be made in the recently finished concrete by inserting vertically a 
blunt end of a pencil in the surface in order to detect excess mor¬ 
tar. TIktc should be only sufficient mortar completely to cover 
the coarse aggregate. 

“ Non-uniformity in the consistency of the concrete results in 
uneven surfaces; therefore, the inspector must correct at once 
faults in the water-supply system ot the mixer and not allow the 
work to proceed until these faults have been found and corrected. 

“ .After the pavement is finished and before it hardens, be sure 
that no stones project above the surface or that the surface appears 

* Avoid extremely dry concrete, as under the usual inspection better 
results are obtained with a fairly easy-flowing consistency. 
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honeycombed. Have these faults corrected by using a hand float or 
the reapplication of the finishing machine. 

** M iib n g. *—The concrete mixer must be equipped with approved 
timing and water-measuring devices and an approved device for 
discharging the concrete, all of which must be kept in workable 



Fig. 339.—Screed strike board. 


condition at all times. The time, as noted in the specification, 
must be strictly adhered to. The concrete must not be discliarged 
until the full time has expired. At frequent intervals the ins[)ector 
should check the time of mixing. The time of mi.xing shall be 
measured from the time the last material enters the dnim from the 
loading skip until the first material is discharged into the bucket. 




Pig. 340.— Detail of roller. 

** The skip shall not be dumped into the mixer until the previous 
batch has l^en entirely discharged; otherwise non-uniform mixes 
will result. 

“ Placing. —Concrete shall be placed only on a subgrade which 
has been tested by means of a subgradc tester placed at the discharge 
end of the mixer. The subgrade must be firm and smooth and all 

* For dlect of tuna of mixing on atrength. aaa Chapter VI. page 475* 
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loose material removed. Loose material along the forms must be 
removed by means of a square-point shovel or spade. 



jszii: 


PLAN AT ENDS 


PLAN AT center 


CLtVATlOM AT CN05 CLLVATlOS ATCtNTtR 

Fig. 341.—Finishing bridge. 


“ The fir>t layer of concrete shall be dejx)sitcd to the depth ot 
fabric reinforcing, 2" below the surface of the pavement and struck 



Fig. 342.—Split float. 


off with an approved template. Rod reinforcement shall be placed 
3" from all transverse expansion and construction joints and at a 
depth equal to 2'*. 



^'ivooa'' 


For Protcctcd Joints 



For UNPROTCcTeo Joints 
Fig. 343.—Testing straight edge. 


“ The fabric reinforcement must be perfectly flat when placed in 
the work. If furnished in rolls, it must be flattened by the use of 
a machine. The fabric must extend to within 2" of all sides and 
must be lapped as specified. It must be protected before use from 
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the weather except a$ required from day to day. Under no con¬ 
dition shall it be stored in the open, especially during the winter 
months. 

“ The fabric reinforcement is placed 2" below the surface. A 
striking template insuring a 2" depth must be used. 

“ .\fter the placement of fabric reinforcement, the remaining 2" 
of concrete is placed. It must be placed of suHicient depth to 
have a slight excess ahead of the strike lx)ard for finishing. Do not 
f>ermit the workmen to walk on this concrete after the initial 
spreading. 

“ Evenness of finished pavement surface is insured by the proper 
even spreading and distribution from the drop bucket of the mixer. 
Uneven distribution and attempts to fill in low places with mortar 
results in a wavy surface which is detected only after the mortar 
has hardened. 

“Finishing.—.\s soon as the full depth of concrete has been 
spread, it shall be struck ofT, either by a hand template or approved 
finishing machine. A slight excess of concrete must be maintained 
ahead of the strikeboard. Depressions and holes must bi* filled 
with concrete, not mortar, and .must be retamped. 

“ A hand template must be of specified length and weight. It 
shall be first worked in a crosswise movement and then followed by 
lamping, to insure a projxT cross-section and the imbedding of 
coarse aggregate. The temfilate shall be operated until within 2' 
of an e.xpansion joint, and then lifted to the joint and worked back 
from the joint. Excess mortar and concrete must be carefully 
removed and in no case be permitted to remain. Templates 
(both hand and finishing machine^ mu.-^t be checked frc(|uently 
for crown. 

“ Immediately after tamping, the sides must be spaded continu¬ 
ously in order to prevent honeycombed .sei lions and to insure satis¬ 
factory' edging. .Any excess mortar or concrete must be removed. 
The sides along the bulkhead and filler must be spaded to insure 
dense surfaces and to ease the lifting of the bulkhead against 
raising the filler. 

“ Hand tamping shall be followed by a roller of standard dimen¬ 
sions and weight. The u.se of roller must not be delayed until the 
surface is partially set; otherwise the concrete will be lifted. Too 
early rolling will remove too much mortar and not water. The 
roller must be moved slowly, not to c.xceed 16' in 40 see., and must 
be passed over and back, the roller then being lifted and advanced 
one-half its length, the rolling ojK-ration then being repeated. 
The first rolling must proceed from the end of the slab first laid, and 
free water must be allowed to come to the surface between each 
rolling. The roller must be wetted after each operation and kept 
clean and true in form. 

“ Belting of the surface shall follow. The belt shall be kept moist 
or oiled and cleaned at all times, in order that the full width can 
rest on the pavement. The belt must not be so heavy as to mark 
the finishea surface. The belt shall be of)cratcd in a crosswise 
movement, so that any part for the total and breadth rests on 
the pavement. 
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“ There should be two beltings. The first must be slow to take 
out irregularities, remove excess water and smooth out the surface. 
The second shall be a little faster in the forward motion to give the 
finish and prevent markings. Never permit a belt to remain on 
fresh concrete. 

“Approved finishing machines may be used in place of hand work. 
When such is the case, it is necessary for the contractor to have 
equinment for hand work which can be resorted to in the case of a 
brealvdown in the finishing machine. 

“ In the use of a finishing machine there is a tendency of the 
operator to perform too many operations with the result that 
e-\cess mortar accumulates. The operator should be so instructed 
and trained as to finish the pavement with one or two sinkings, 
one or two tampings, and two beltings. The parts of the machine 
for all operations must at all times be regulated to insure contact 
with the surface at all jK)ints. The belt must be kept moist. 

“On grades c-xceeding the surface of the pavement must be 
rolled with a hand roller following the passage of the finishing 
machine in the manner prescribed for finishing by hand. 

“One of the most frequent defects in finishing-machine work is 
that of irregular wavy surface. This is frccpiently caused by the 
machine moving too fast, the use of the machine for spreading by 
carrying an exce.ss of material in front of the blade, failure to feed 
projx*rly sullicicnt material by hand to the tamper and most often 
by running the tamper while the machine is not moving. The 
finishing machine should move forward at a uniform rate of speed. 
'I'lie lilade should not be used for moving any considerable amount 
of material, only sullicient material being kept in front of the blade 
to produce a full section. .\ft(‘r the finishing machine has come to 
a stop, before the tamping is resumed, the machine should be 
moved back a few feet and then started forward, and the tamping 
not resumed until the machine has moved forward for at least i'. 

“ Edging shall not be done too early after the belting. 

“Curves shall be widened and superelcvated where necessary. 
On transitions, intermediate pins must be set exactly at grade at 
beginnings and endings, together with one or two between sections. 

“ The finished crown should be checked frccjucntly by using a 
string and small blocks the height of the crown, the blocks being 
placed on the side forms and a string stretched from top to top of 
blocks. To insure a proper crown it is frequently necessary to 
have the template shaped to an arc Si" greater than the required 
crown to ofTset the slump of the concrete during hardening. 

“Joints.—-Ml expansion and construction transverse and longitu¬ 
dinal joints must be vertical, level, and free from irregularity. 
Irregularities caused by improper and careless work produce defects 
in the pavement such as one slab rising higher than the other and 
additional cracks. 

“ Before using joint filler, it must be checked for all dimensions 
and quality. ^Iany p^r results are obtained by joints that arc 
too short and of insuflicicnt depth. Slicaring of the edges and sides 
of concrete under expansion niptures the concrete and causes 
spalling. 
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“Joint filler must be furnished in flat sections. No brand of 
filler shall be used unless approved by the engineer of tests. 

“ Only when indicated in the specifications may minimum lengths 
be connected as one continuous length. These short lengths must 
be joined by lacing, staples or other suitable means before being 
installed. 

“The steel bulkhead shall be of exact dimensions and oiled or 
greased at all times. The workman shall be reejuired to lay it on 
a flat area when not in use, in order to keep it jxTfectly straight. 
.\ny kinks must be straightened immediately after being noticed. 
It shall be firmly staked on the side towards the mixer with iron 
pins, the number and lenglli depending on the suhgrade conditions 
and methods of finishing. The joint filler shall be set on the side 
of the bulkhead away from the mixer. 

“ A steel bulkhead against which the expansion joint filler is 
placed must be firmly suppx)rted by at least lo iron pins, 12 to i8“ 
in length depending on the subgrade; 5 pins along both sides of the 
bulkhead and filler with 2" below the surface. 

“ These pins must be long enough and are to remain in place in 
order to insure straight joints in all directions. When joint 
filler is placed directly against hardened concrete, 5 pins shall be 
used on the side away from the concrete. 

“ The joint filler shall be set just flush with the pavement. 

“ .\ small amount of spading shall be done along the oiled or 
greased bulkhead in order to ease removal. The bulkhead shall 
not be removed until at least 10' of concrete has been placed ahead 
and the striking and tamping ha.s been done on cither side or 
immediately over it. No striking or tam[)ing shall be permitted 
after the bulkhead is removed, other than just enough tamping 
with a rod to fill the cavity left by the bulkhead. The bulkhead 
shall be removed by raising opposite ends at the same time through 
holes in either end, into which hooks are inserted. 

“ After the removal of the bulkhead on hand-finished work when 
the filler is higher than the surface, a split float or straight-edge 
in accordance with the standards shall be used, after which the 
ed^ng tool of radius is ofxrated on either side. 

“ For finishing machine work, wdicrc the filler is slightly raised 
or flush, the edges shall be rounded with the above radius tool. 
All joint finishing shall he done by a skilled workman from a 
finishing bridge. On no work shall connected concrete be permitted 
to remain over the filler, as this condition causes serious spalling 
under traffic. Edring is to be done along construction joints wnth 
the radius tool. 

“The belt should be operated immediately on each side 
of the joint so as to give a uniform appearance to the entire 
surface. 

“ The surface of pavement adjacent to joints must be finished with 
the utmost care by an experienced workman in order to obviate 
uneven joints which induce an uneven, bumpy riding surface. The 
6' straight-edge must be used in testing all surfaces adjacent to 
joints prior to the last belting of the surface, and when the surface 
IS uneven it must be corrected. 
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** As soon as the forms are removed, investigation must be made to 
determine if any fillers do not extend entirely through from one side 
to the other. If not, the contractor shall open the connected sides 
by means of a chisel. Under no condition permit shoulder material 
to be deposited along the sides until there is positive assurance 
that the joints arc open. 

“Protection.—The surface shall be protected with canvas as 
specified. The canvas shall never be dragged over the surface of 
the green concrete. In warm weather when the temperature is 
above 7o°F., the surface of the concrete shall be thoroughly wetted 
as soon after it is finished as it is possible to do so without injuring 
the surface, the canvas carried over the concrete and lowered verti¬ 
cally onto the surface, and the canvas kept wet. A set of frames 
to support canvas covering shall be kept on hand at all times near 
the concreting work to be used in the event of warm or rainy 
weather, as the canvas must not be laid on fresh concrete. In cool 
weather the canvas may be dispensed with. Hair checking or 
cracking can sometimes be eliminated by spraying fresh concrete, 
using a nozzle that will produce a fine spray or fog, but care must 
be taken not to use a nozzle that will cause pits in the surface. 
If this does not prevent hair checking and the materials are dry, 
they should be thoroughly wet down before they arc placed in the 
mixer. As soon as the surface has hardened suflicicntly so that 
it will not be injured, the canvas shall be removed. It must be 
thoroughly wetted and covered with earth or other approved 
material at least 2" deep, which must be kept wee at least 8 days 
by sprinkling with water, except in cold, late fall weather. When 
straw is used in place of earth for covering, the straw should be 
spread to a minimum dejith of 4" and kej)t wet for a period of at 
least «S days during warm weather. Straw shall remain in place 
for a |>eriod of at least 18 days under the most favorable conditions. 
.“Ml persons must be kq^t off the concrete surface for 3 days. .\11 
tralTic must be kept oU the surface for the full time specified and 
in the late fall, the time of curing must be extended r week. After 
the specified time has elapsed, the covering material shall be 
removed and the pavement swept clean. If found necessary, owing 
to local conditions, the contractor must furnish a watchman at 
all times to secure the required pnitection. In some instances it 
may be necessary for the contractor to construct lemjiorary foot 
bridges over the surface of the concrete to permit the necessary 
passage of peiiestrians or cattle from one side of the road to the 
other.” 

Concreting during Rain Storms. —Inexperienced inspectors arc 
sometimes puzzled to make a reasonable interpretation in regard 
to stopping work on account of rain and they worry their heads olT 
if they see a cloud the size of a hand in the sky. From a practical 
standpoint it is safe to instruct them not to worry; in case of rain 
the men will quit before it rains hard enough to do any serious 
damage; as a matter of fact a light rain gives an excellent spray 
surface finish much superior to any hand manipulation and I nave 
never had any concrete seriously damaged even by hard showers; 
if the men quit in the midst of a block and leave the work without 
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heading up it is necessary to reject and dig out a few feet of the 
pavement to get a good vertical connection. 

Protection of Concrete in Warm Weather.—Hot sun and drying 
winds damage the surface-wearing power of concrete pavements 
and also often produce so-called temperature and wind checks 
which are unsightly to say the least. Concrete should be protected 
in hot weather in order to get the best results; the methods usual!; 
adopted are burlap or canvas covers on frames, pending, earth 
cover sprinkled or continuous spray sprinkling. .Special protec¬ 
tion of this kind is not necessary when the temperature in the spring 
or fall of the year gets below 50 or OoT. Surface checks (short 
hair cracks) are difticult to prevent under a hot sun and strong 
dry wind, as they develop oefore the finishing is complete and 
before it is possible to protect the concrete by canvas covers. 
Under these conditions a light spray applied continuou.sly after 
the surface is belted seems to help reduce these checks. If they 
do form, a fairly satisfactory repair is to omit the earth cover till 
the ne.xt day, and after the surface is fairly dry, till the checks with 
dry cement; this is done by sprinkling it along the checks and 
pushing it in with a small liroom. 

Concreting in Cold Weather.—Cold-weather work in connection 
with concrete paving is a rare emergency and should be r>ermitted 
only to finish a short piece of incomplete work. With tnc utmost 
care results are rarely gtnxl, as concrete in pavements cannot be 
as Nvell protected as building concrete under unfavorable weather 
conditions. Concrete should never be placed on a frozen subgradc. 

The simplest solution where an une.xjiected cold snap develops 
is to heat the aggregates and pr<»tect the concrete by covering with 
canvas, straw, hay or earth. 'Uhe addition of calcium chloride 
(3^2^? hy weight) to the mixing water will prevent damage if 
the temperature does not fall below- 28^ simple method of 
using this chemical which has the property of reducing the freezing 
point of w'ater and hastening the set of concrete is described as 
follows in “Recommended Practice” of the Portland Cement 
Association: “It can U-st be added to the mix by making a con* 
centrated solution iJij Ih. per gal. of water; this concentrated solu¬ 
tion is added to the mixing water at the rate of a gallon per sack of 
cement used.” This treatment adds almut 15 cts. per cu. yd. to the 
cost of the concrete. C'hemical means alone should not be relied 
on to prevent damage; heating and cover should akso be used. 

Inaction and Engineering Record8.~Insp<ctors should be 
r^uired to turn in daily signed records of the essentials in connection 
with the pavement work. These records arc very useful in case of 
dispute or lawsuit.s. 

The following forms have been used by the author. They can 
be easily and quickly filled in. They arc prepared in book form of 
pocket size. Two inswetors are usually required: a batch 
inspector who is responsible for the measurement and quality of the 
materials and an inspnector at the mixer responsible for the grade, 
^orzna and manipulathi; 
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MATERIAL INSPECTOR’S REPORl 


Name of Road:______ 

Date: Sept. 21 , 1^22 
Inspector’s Signature: John Doe 
Materials Received on Job: 

C einvir. 

Car Nos. Amount Hrand Acceptance No. 

L. & N. 2143s 231 b'bl. Allas B. R. 2645 


Car Nos. 

Sand 

Amount 

Source 

Test No. 

L V. 2S4^2 

iio.'toolb. Continental 

B. R. I 7 SO 

Penna. IVSIJJ 

104.700 lb. 

Oaks 

Field No. 7 

Car Nrs. 

Stone 

Amount 

Si'll! rce 

Test No. 

L. V. ioS4b 

103.400 lb. 

U'Rov 

B. R. 1120 

Cement . 

Material.s Delivcretl 

to Mixer 

304 5 bbl 

Sand, ayipruxirnalely 



. IIS tons 

St'ine, ajipr'iximately 



. 170 tons 


PAVEMENT INSPECTOR’S REPORT 


Name of Roa(l:_ _ __ _ . __ 

Date: Sept. 21. 1922 
Inspector's Signature: Hi( har<l K<vc 

Ajiproval of Grade and Forms 
Sla. to Sta. Time of .^pp^o\'a^ 

2.S r 30 ■ 28 r 20 7 a.tn. 

28 t 20 - 30 r 50 1 p.m. 


Trst.s of Mi.xer G'vicc daily) 


Time of Mix per 

NurnlxT 

of Rovolulitms 



Scc-ond.s, Batch 

per Batch 

Time Test Made 

S8 


l.s 


8 a.m. 

59 


i5.c; 


3 p.m. 


Concrete Data (4 times daily) 


Sta. to Sta. 

Cu. Yd. 

Cement 

Cement 





Factor 

Time 

25 T 30 - 26 d 80 

bo. 0 

117 - SO 

1.9<> 

10 a.m. 

25 4- 30 - 27 -f 3.S 

82 0 

158.25 

1.93 

I p.m. 

35 f 30 - 28 f 05 

110,0 

210.00 

1.91 

3 p.m. 

35 -f JO - 29 4 - 23 

157.2 

JO2 .00 

1.92 

6 p.m. 


Remarks 

Previous day’s run covered with earth and sprinkled. 

Previous day’s run shows satisfactory cdj^c. 

Cement tally by batchrnaker disagrees with material inspector by 3.5 bbt. 
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SAMPLE ENGINEER'S DIARY 

The diary of the engineer in charge shows all essentials of the work for pur¬ 
poses of record and possible lawsuits. 

Name of Road:_ 

Date: Sept. 21, k jjj 
Engineer: ^'hn Smith 
Engineering Force: 

John Smith. General Supervision 
John Doe. Materials 
Richard Roe, Pavement inswetion 
Headquarters Inspector vi .iiod work 
Contractor’s Wort: 

Force: 70 men 
8 teams 
8 Ford trucks. 

Work: Steam Shovel Station 200 to 201 
Fine Grade Sta. Ho to qo 
Concrete Pavement Sta. 25 -f 30 - 20 d* 23 
Cement Factor 1.92 
Materials Delivered: 

Cement L. & .N. 21435. 231 bbl. 

Sand L. V. 25462. 110.500 lb. 

Penn. I75U3. 104.700 lb. 

Stone L. V. 10546. 103.4001b. 

Correspondence: See letter attached giving ruling on maximum cement 
factor. 


Sept. 21. 1022. 

Mr. John Brown 

Contractor 
City 
Dear Sir: 

The following letter (a copy of which has been sent to the division engineer) 

states definitely my attitude and ruling as Engineer in charge of Road-. 

in regard to the amount of cement that I can properly certify for payment 
as used m the concrete pavement work. If you are dissatisfied with this 
ruling, you can appeal to the division engineer. The following ruling will 
apply for all estimates unless I receive definite written instruclion.s from the 
divnsion engineer to modify this ruling. This letter is sent to you at this 
time in order to give you ample time to make any necessary changes in your 
batching procedure so that there will be no loss to you on the cement item 
on eompletton of the road. This formal action is necessary as your cement 
factor has been excessively high. 

I will certify for payment all cement actually used in pavement work up 
to an amount which produces an average cement facti^r for the entire jot) 
of not to exceed 2.02 bbl, per cubic yard of concrete pavement. I will 
not certify to any total final excess of cement used over and ni>ove this limit 
on the ground that it is due to careless batching of the vind and stone. In 
order to give you ample opportunity to avoid final loss. I will certify the 
pavement as satisfa* top/ where the daily cement factor docs not fall below 
1.80 but will not accept any pavement concrete having a lower factor than 
1.80 aa reported by my inijKsctor four times daily. You are to continue 
using three whole bags of cement per batch, and any variations in your 
procedure are to be made in conn»'f'tion with the sand and stone. 

This ruling is based on the following data: 

The amount of cement provided in your contract is based on i.oo bbl. 
per cu. yd. of concrete pavement i: iH: 3 mix. Based on previous con¬ 
struction experience with this mix I instructed you to use for a three>-bag 
hatch 4.50 cu. ft. of sand and 0.00 cu. ft. of stone. Under this basis of pro¬ 
portioning properly and accurately batched it ha* been my experience that 
the 1.90 factor could have been easily maintained and there would have been 
no overrun of cement on the contract. 

My original instructions to you in this matter of batching were officially 
overruled by the department on the ground that they did not exactly 
comply with the Specification* and we were both instructed to batch three 
bags of cement. 4,28 cu. ft. of sand, and 8.s6 cu. ft. of stone. This ruling 
raises the cement factor about 5 % and unner this ruling I am willing and 
justified in certifying a maximum of 2.02 bbl, per cu. yd. where this amount 









BITUMINOUS CONCRETE 


1313 


is actually used. This will involve a possible overrun on the contract of 
about 7^0 bbl. of cement (Item 17) and there is no question in ray mind but 
what this overrun should be approved under the batching instructions we 
have received. 

Up to date however you have used 2.10 bbl. per cu. yd. of pavement and 
this amount is excessive and not warranted. It is apparently due to a 
shortage of stone and sand in the mix. Between Sta. i57-8<^ and 121-68 
you used 2,110,000 lb. of stone (railroad weights) and 2,246.50 bbl. of cement. 
On the basis of batching three bags of cement. 4.28 cu. it. of sand, and 8.56 
cu. ft. of stone you should use at least q<jo lb. of stone per bbl. of cement. 
(Inequality of grade has no effect on this basis of figuring.) Between these 
.stations you sliould have used at least 2,224,000 lb. 01 stone, showing a 
shortage of 114.000 lb. or 5% of the total. Stone amounts to be al>out 80% 
of the compacted concrete and a shortage of s ‘ ^ would rai.se the cement factor 
about 4%. The average cement factor between these stations w'as 2.09 or 
jH % above the amount I am willing to certify. 

In a similar manner between Sta. 157-86 and 128-15 you used 979,800 
lb. of sand and i,8bo bbl. of cement. You shouM have u.sed at least 1.090,000 
lb. of sand showing a shortage of approximately 10Tc. Sand amount to 
about 40% of the pavement volume and a lofr shortage would account for a 
4 ‘‘*0 increjise in the cement factor which checks the stone results given above. 

Your batching apparatus consisting of steel sand hftppers and a steel 
double>gate blaw-stonc batcher has been rated by me and found to be 
correct. The exactness of your routine batclnng. however, depends on the 
care of your men and I have personally noted a number of ca.ses where under 
stre.ss of tirne they were not completely filled. As a further evidence of 
carelessness in batching, your daily cement factor has rangecl from i.q2 to 
2.20. The grade w'ork has been excellent, and while minor inequalities in 
grade which it is imi>ossible to prevent might account for a small variation, 
th^ would not account for such a big range. 

The outstanding facts are that you have not u^rd enough sand and stone 
and that it is evident that more care is necessarv to prevent underrun in 
measuring your sand and stone. It is not the function of the engineer or 
inspectors to act as foreman for your men and prevent careless work. Our 
duty lie.s in calling your attention to conditions and in stating the maximum 
limits of variations that we are willing to accept. We shall be pleased to 

?:ivc you a daily statement of the cement factor but will hold you responsible 
or variations which exceed the ruling given m the first of this letter. 

Sincerely yours, 

Kngineer in Charge, 

BITUMINOUS CONCRETES 

Am^urUs of sec pages 495 and 1143. 

Inspection Details.—Two ins{>cctors arc required to handle the 
plant work and the road work. 

Plant Inspection.—Plant inspection covers testing materials 
and proportions of mix, checking temperatures, uniform feed of 
aggregates to drying drum, time of mi.xing, and certification of 
load weights as the mix leaves the plant for the road. 

Plant Testing Equipment.—Plant testing can be carried out 
with the following equipment: 

1 set of standard screens and sieves os may ba called for in specifications 
requirements. 

I stiff brush for cleaning sieves. 

I laboratory stone balance (pan capacity 10 lb.). 

1 laboratory sand balance (pan capacity ion g.). 

I penetration machine with needles, glass dish, largo pan for holding water 
and thermometer. 

I paddle and roll of manilla paper for pat test (for sheet-asphalt surface 
mixtures). 

a armored thermometers of suitable range for recording temperatures of the 
hot aggregfttes and mixtures. 

A supply of report forms. 

All apparatus should be properly housed in a separate building or room not 
lest than lo by xo" and provided with a stool and work bench. 
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Sampling should follow the proposed methods of the American 
Society. 

Samples.'—Samples should be put in clean, dry containers, 
preferably tin boxes or cans. The following amounts of tlic 
different materials are required for test: 

Pounds 


Stone, slag and gravel. S 

Filler. H 

Sand. I 

Refined aspl'.alt. i 

Asphalt cement. . ... i 

Flux. I 


Method of Sampling. E.xtreme rare should be taken in every 
case to obtain a sample which is truly reprcM-ntative of the material 
to be examined. These samples are for the use of tlu testing labora¬ 
tory only and should not be used for testing at the plant before 
submitting them to the lalKiratiiry. 'I'he particular precautions 
to be ob.>er\'e(l in each case are given below. 

Stofu, Sldi^, or Gravti. —.\ sufficient number of 5-lb. samples to 
be taken from different jiarts of the pile, d hese should be thor¬ 
oughly mixed together and reduced by <juarlering to the desired size. 

Filler .—Samples should be taken from several bags and mixed. 

Sand. —Samples should be taken from the interior of tlie pile 
where the sand is damp. A sufficient nundxT of i lb. samjdvs to 
be taken from different parts of the pile. 'Fluse sIkuiUI be tb»)r- 
oughly mixed together and reduced bycpiartering to tlie desired size. 

Refined As/yi-nlt and Asphalt Cement. — (a) In barrels: At least 
one sample should be taken from each batcli. It .shouhl be taken 
at sufficient depth below the surface to insure obtaining representa¬ 
tive matt rial free from all dirt or other extraneous matter, and at a 
point not le.->s than 4" distant from the top and .sides of tlie barrel. 
Uo In tank ears: I'he contents of the tank should be heated until 
completely liquid throughout. It should then be agitated and 
thorough.ly mixt d by means of air or steam, after uliirh the sample 
shall be taken from the dome in sucli a manner as to obtain the 
asphalt from a point at least 3' l>elow the surface, (r) In kettles: 
The conlent.s of the kettles must be completely licjuid and thor 
oughly agitated previous to and during sampling. 'I he sample 
may be taken from tiie pipe through which the material is delivered 
to the mixer by means of a clean dippt r. 

F/ux .—The dirccti<jns given for sampling refmed asphalt and 
asphalt cement apply to this material except tluit under ordinary 
conditions it is not necessary to agitate the contents of tiic tank car. 

Surface and Finder Mixtures ,—Samples should preferably be 
taken on the street after the mixture has been shoveled and raked. 
.Samples taken from the [ffant shall be obtained from the wagons, 
special care being observed to avoid material from top of the load 
or which appears to vary from the average. Samples should lie 
pressed between a sheet of papcT and trimmed while hot to a 
convenient size. This is known as the pat test. I'he impression 
left on the paper is a fair guide as to the projwjr grading of the mix 
(see Figs. 344^4 to 344/->). 

* Adapted from proposed tpeciffcationi for sheet'asphalt pavemenU, 
A. 8 . B.. 1922 . 
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Fig. 344/I.—About riuhl amount of asphalt. 
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Fig. 344 ^'—StronK excess of asphalt. 
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Fio. 344C.—SliKht excess of asphalt. 
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Fig. 344D.—SliKhtly flcTirif-nt in asphalt. 
i'K»s, 344>1. li, C and IJ. Pat test ilhislraiions. {I'rotn Richard^ 
wm’j “ Ayphalt (Jfmstruction for Pavements and Highways.") 
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The pat paper test which is referred to above is thus described 
in Richardson's book “The Modern Asphalt Pavement.” 


“A small wooden paddle with a blade 3 to 4" wide, 5 or 6" long, and 3-2" 
thick, tapered to an edge at one end and wiili a convenient handle at the 
other, is nsod to take as much oi the hot mixture Irom the wagon as it will 
hold, being careful to avoid any of the last droppings from the mixer which 
ntay not be entirely representative of the average mixture. Samples of 
mixture should never be taken from the mixer itself, but only from the wagon 
after mixing is completed. 

“In the meantime a piece of brown manilla paper with a fairly smooth 
surface, 10 or 12" wide, and torn off at tlie ^ame i«mgth from a roll of this 
paper, which can be had at any papier warehouse, is creased dfovn the middle 
and opened out of some very firm and smooth surface of wood, not stone or 
metal, which would conduct heat too rapidly. The hot mixture is dropped 
into the paper sideways from the p.iddle and half of the paper doubled over 
on it. The mixture is then pressed down flat with a block of wood of con¬ 
venient size until the surface is flat. It is tlu-n struck five or six sharp blows 
with the block until the pat is about tliick.” 


The paper will be found to be stained to a dilTcront degree 
depending ui>on whether there is a deficiency, a firofier amount, or 
an excess, present. Examples of such stains are illustrated in the 
accompanying Figs. 334 ^ 

Plant Analysis. —Tlic proper j)rop()rtions of aggregate are 
determined by analyzing the sizing of the dilTcrent materials 
separately and then determining the f)ropcr proixirtion of each for 
the mix desired. A sample record of such work follows: 

Proportions of Mix. — The projxirtions of mix should be deter¬ 
mined by the engineer by screen analysis of the ditlcrcnt materials 
that the contractor profxises to use. 

.\s an example, assume that a mixture of cement, fine sand, coarse 
sand, and buckwheat stone is pro|X)sed and it is desired to determine 
the relative amounts of the different materials to use in order to 
get the correct prof>ortion of sizes specified. 

For all ordinary pur|x)ses a size analysis can be safely made using 
the following screens: 200, 80, 40, 10, and 

The materials are thoroughly dried and the percentages expressed 
by weight. 


Pine sAnff (feeder pit) road 63 


Paxsing 200. . 5 

P.is^ing Ko retained on 200. 70 

Pa.s,Mng 40 rctaineu on So. 25 


GcMjd Quality 

Coarse sand (nauerman pit) road C'3 % 

‘PawiinK 200.. , .. I 

Pausing 80 retained on 200. 2 

Passing 40 retained on 80. 20 

Passing 10 retained on 40. 68 

Buckwheat stone (commercial plant) road 63 

Passing 200. 1 

Passing 40 retained on 200. 2 

Passing 10 retained on 40. 7 

Passing ^ retained on 10. 60 

Passing H retained on H. 30 

The proportioixs can now be varied to produce practically any required mix. 
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Tabulation Showing Method of Determining the Number 
OP Pounds of Each Material to Be Used in a ioo-lb. 
Batch to Produce a Required Mix 


Material 

Number 

pounds 

Bitu¬ 

men 

Mineral aggregate 

1 1 ' 1 

JOO 1 80 j 40 1 10 j i,‘ 

in. 

Bitumen. 

! 9.5 

9.5 

i ' * 1 


Cement. ... 

8.5 


1 ! 


Fine sand. . . . .. 

.U.o 


I .5 23.1 8.4 1 


Coarse sanii. 

‘ 33 0 


0.3 0.7 g.6 22 4: 


Buckwheat strme. 

If) 0 


' o.r o.i! 0.2 r.ij 9.7 

4.8 

Totals. 

100.0 1 

9-5 

ro.4 23.9 18.2 23 -S| 9.7^4-8 


Note.—T he above mix used on Road 63 has served well for 12 years under 
Class 11A traffic. 


In this way the effect of varying any of the com[H)nent parts 
of the mix can be readily seen and determined. 

The total size of the batch is of course varied to suit the capacity 
of the plant. 

The laboratory analysis of the daily sample taken on the road 
furnishes a check on the plant inspector. 

The usual daily plant analysis consists of a mechanical sieve 
analysis of the hot aggregate as it runs into the batch box. If it 
varies much from the desired amount, the method of feeding the 
various sizes to the drum should be changed. The pro{x)rtioning 
of the different sands and stones to the drying drum is often very 
crudely done and results in a non-uniform aggregate. This docs 
not generally occur in large stationary plants but it is a frequent 
source of trouble in small semiportablc road plants. 

Checking Temperatures. —Probably the most imi>ortant duty 
of the plant inspector on road jobs is to prevent overheating of the 
bitumen or stone aggregates, as most of our failures are directly 
traceable to overheating. In small scmi[K)rtablc plants, the storage 
bin for the aggregate is generally small and it is difllcult to regulate 
the heat of aggregate running directly from drum to batch with 
small storage. The plant inspector must under no circumstances 
permit overheating which is generally set at 350”E. 

Time of Mix. —Minimum time of mix recommended by Asphalt 
Association : 

Binder course. 30 sec. 

Modified Topeka or shcct-asphalt surface.... 60 see. 

Record of Output. —A record of the weight and temperature of 
each load is made, see page 1323. 

Field Inspection.—The inspection of grading, culverts, and 
macadam bases are the same as discussed under Macadam, pages 
1272 to 1294. 
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The essentials of inspection of concrete paving base are the same 
as for concrete pavement (see pp. 1300 to 1313) in regard to subgrade, 
form setting, mixing, and placing except that the finishing requires 
different procedure and wnile the curing must not be neglected and 
requires earth cover and sprinkling, it does not require burlap or 
canvas covers immediately following the placing. 

The surface of the concrete base must not show porosity or voids 
of any kind and the coarse aggregate must be imbedded, but a 
smooth, glassy surface is undesirable, as the binder coat does not get 
a good grip and tends to shove more rapidly into waves. The same 
care must be exercised to get a uniform crown and longitudinal 
profilvs as depressions or humps in the foundation eventually 
produce an uneven surface due to the im|x)ssiblity of laying unequal- 
depth surface mix with the same degree of compaction. The 
surface mix must be uniform in thickness. City of Rochester, 
N. Y., Specilications limit the variation in depth of surface mix 
as follows: “The surface thickness shall not be less than 2". 
Not more than 10% excess thickness will be permitted at any 
one spot.” 

Inspection of Laying Asphaltic Surface.— The inspection of 
laying and compacting the binder and surface layers 01 asphaltic 
concrete includes: approval of the condition of the concrete or 
macadam base, checking the depth of spread, temperature of 
mix as delivered, amount of rolling, and true shape of finished 
surface. 

Condition of Base.—'I'he base must have set a sufficient time 
and be well hardened. Specifications for the time of curing of 
cement concrete bases range from 7 to 21 da>'S. J'ourtecn days 
is a reasonable length of time in warm weather, but should be 
increa.sed to 21 days in the fall when tlie temperature falls below 
50° on the average. 

The base must be clean and free from dust, mud, organic dcfxisits, 
or leaves. It should be broomed just prior to laying the asphaltic 
mix. 

The base must not be wet. Slight dampness does no liarm, but 
no asphaltic mix should be laid during rain or when the base has 
any |xk)1s of water or any snow on its surface. 

Binder Course.—Hinder should be laid only as far ahead of the 
surface as needed for keeping the work moving and should never be 
more than a day in advance of the surface mix. If such binder 
develops flaws such as poor bond or becomes broken up under 
traffic, it must be removed and replaced with fresh material. 

Temperature of Mix. —The plant inspector is supp<^sed to prevent 
overheating so that the usual ptiint for the field inspector to watch 
is minimum temperature. Tnis is generally set at 2cx>°F. Once 
in a while a hot toad gets by the plant inspector, which can easily 
be detected at the road, as the load will develop a heavy white 
smoke when dumped. Maximum temperature is usually set at 
325®F. at the street or 3So®F. at the plant. 

Thickness of Spread. —Thickness of spread is regulated by 
weight. Each driver is furnished by the plant inspector willi a 
card certifying weight of load. This card is given to the field 
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inspector who regulates the distance (number of square yards) 
that each load should cover. For all practical purposes, the ordi¬ 
nary surface mix (Topeka) weighs about 105 lb. per square yard per 
inch thickness of consolidated finished depth. 1'he \»eight of 
binder depends on the mix used; it is usually paid for by the ton 
and put on under a specification of a certain number of pounds |x*r 
square yard. The record of weight and surface area is illustrated 
on page 1323. 

The mix must he dumped ahead of the snread and entirely 
rehandled by spreading by hot shovels and rakeu to final shape with 
hot rakes. 

Joints.—.Ml joints where work is stopped at noon or night must 
be cut back sejuare vertical edges to full depth and painted witli 
hot asphalt or a rope joint can be used. A lap joint ironed in is 
not advised. 

Rolling and Finish. -As soon as practicable, the surface should 
be rolled with a light (3-1011) tandem roller and the final compression 
obtained with a 7- or 8-ton tandem. Rolling is important. It 
requires not only the ordinary straight roll but al.so cross-rolling 
to produce a smooth result. The maximum speed of rolling is 
usually set at from roo to 200 sq. yds. jxr hour for roller. The 
finished surface should show no depressions or humps of over 
as measured by a 10' straight-edge jilaced longitudinally to the 
road. 

The use of two rollers of ditTercnt weights is desirable particu¬ 
larly in cool weather or on macadam bases. 'I’lie light roller can 
get on the hot mix quicker wliich prevcntscracking likely to develop 
in cool weather due to the surface cooling much more rapidly than 
the body of the mix. Recent tendency in rolling calls tor the use 
of 3 wheel, 10 ton road rollers for compaction due to many cases of 
f)Oor compaction with the use of tandi m rollers with a consecjuent 
rough uneven surface after heavy trucking traffic jiroduccd final 
compaction. 

The following quotation gives rolling spccihcations in dettail: 


Compacting Surface Course. —“While still hot. the nurfrice cour-c .'•.hall bo 
thoroughly and uniformly cornprcsHcd by a jx)wfr-<irivm tandem roller 
weighing not les-a than 7 tonn. except that initial cornprc'^si mav be obtaine<i 
by a power-driven tandem roller •svcighing not le.'; ih.in i tons. RoIIhik 
shall start longitudinally at the sides an<! proceed to’v.ird the center of the 
pavement, overlapping on successive trips by at Ica-^t one-lialf the width of 
the roller. The pavement shall then be subjected To diagonal rolling in two 
directions, the second diagfuia! rolling crossing the lir.c. of the first. If the 
width of the pavement permit*;, it shall in addition be n lied at right angles 
to the center line. Rolling shall be continue*! until tdl roller marks arc 
elinyinated. The motion <.f the r«)l!er shall at ad limes be slow enough to 
avoid displacement of the hot mixture, and any displaccmcnt.s occurrijig as a 
result of reversing the direction of the roller, rr by any r.thcr cause, shall 
at once be corrected by the use of rakes and of fresh mixture when required. 
Rolling shall proceed at an average rate of not to exceed 200 sq. yos. per 
hour per roller, and shall continue until no further compression is p<»ssiblc. 
To prevent adhc.sion of the surface mixture to the roller, the wheels shall l>e 
kept properly moistened, but excess of cither water or oil will not 1h* ocr- 
mitted. Bclore final compression a light uniform coating of limestone (lust 
or Portland cement shall be swept over the surface of the pavement and the 
rolling then continued." 
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Plant Record, Sept. 29, 1914 



Load record 


Bitumen record 



Temperature 

Weight 


Temperature, 

Load 

Time 

of mix, degrees 
Fahrenheit 

of load, 
pounds 

Time 

degrees, 

Fahrenheit 

I 

7:30 

320 

1 

5000 

7:00 

310 

2 

7:45 

310 

5000 

8:00 

345 

3 

7:55 

300 

Oooo 

9:00 

340 

4 

8: IS 

300 

6000 

10:00 

310 

5 

8:25 

290 

5000 

11:00 

305 

(). etc. 

8: 4 .“; 

310 

5000 

12:00 

320 


Road Record, Test Sample 7, Sept. 29, 1915 




Temper- 








L<jad 

No. 

Time 

ature of 
mix. 
degrtM-s 

Weight 
as p«*r 
ticket. 

Number 

yanls 

covered 

Location on 

road 




I- ahri n- 
heit 

piuiids 







I 

8:00 

310 

1 

5000 

2.5 

Sta. 

10 r 30 to 

10 

-i- 

43 

2 

8:20 1 

300 1 

5000 

2 s 

Sta. 

10 < 42 to 

10 

4- 

54 

3 

8.30 : 

20 s ^ 

<>ooo 1 

30 

Sta. 

10 -f 54 to 

10 

4 - 

(>9 

4 

8:45 ' 

295 ' 

(>000 

30 

Sia. 

10 -f by to 

10 

4 - 

84 

S. etc. 

i, __ 

9:00 

280 

5000 

25 

1 Sta. 

in 4- 84 to 

10 

f- 90 


The following rcjwrt on a Topeka mix resurfacing job in New 
York State illustrates a specific case where part of the work was 
satisfactory and part unsatisfactory. 

REPORT FOR DIVISION ENGINEER ON REPAIR CONTRACT - 

July 9. 1935 

Mr.- 

Dear Sir: 

In accofflancc with your instructions of July i I have inailc a thorouKh 
field insp<’ction of the contractor’s equipment, construction operations, and 

completed work on Repair Contract-with special reference to complaints 

made iri rcRard to this job. The insi>ections were made July 2 ana 4, at 
which time the pavement had been completed from Sta. loi to 288. Road -. 
The surface rouRnne.ss of the pavement was tested by means of a 10' stmight- 
etlgc, by ricling over the pavement in a Ford car. Kssex ('oach (balloon tires), 
and Cadillac car at sjicods fnmi 20 to 40 miles per hour. Local people were 
interviewed as to how they liked the pavement, and it was examined after 
a hard rain for pools of water. The stability of the edge of the black base 
was tested by driving loaded trucks (24.000 lb.) along the side of the base 
b" from the edge. Crofw rolling was checked up by inspection of the ndling. 
All plant and laying equipment was chocked over and all operations checked 
for temperatures, time studies, etc. Materials were inspiected and check .sieve 
analysis made. 

Complaints were evidently based on the first i.soo' of pavement which 
is somewhat rougher than desirable. It took the insjx^ctors and contractors’ 
nicn this distance to solve the special difficulties of manipulation due to 
inequalities of the old pavement. From Sta. 206 to 288, the pavement 
now being laid shows a smooth-riding surface. I would class this job as 
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a whole including equipment and manipulation as a ^ood average job, and 
while it cannot be classed as of the highest grade, there is no basis tor any fear 
that either the department or this type of pavement will be discredited on 
account of poor workmanship. As a matter of fact, the local people are 
enthusiastic over the type of pavement and the job as a whole. 

It is, however, probably desirable to make a few minor changes listed 
below and it is certainly desirable at this time to consider future changes and 
additions to the existing specifications to bring them up to a first-class 
standard. Most of the following recotnmendations cannot oe enforced under 
the existing specifications if the contractor objects. 

Recommended Changes Repair Contract- 

Design changes. 

1. Construct a bituminous (binder) flush edging iH" deep 6" wide on 
both sides of the top course to prevent crumbling of edge. This has already 
been recommended by the engineer in charge and is essential for the 
success of the piivement. The contractors have agreed to do this at binder 
prices, but they consider it a favor at this price and they will probably want 
some return favors amounting to about uouble what a reasonable supple¬ 
mentary agreement price would be. 

2. Bridge over small pipe culvert trenches with cement-concrete base 
slabs to prevent settlement and disagreeable bumps developing. This is 
common city practice and will tend to prevent a general criticism of the 
type from the ordinary rc>ad xiser. 

Contractors* Equipment and Manipulation. 

1. Side forms to be solidly pinned down with top of pins flush with top of 
form to permit proper cross-rolling. At present the wooden side forms are 
loosely held by long pins on the outside edge which stick up above the form 
and prevent good cross-rolling. Quite frequently the roller hits these pins, 
loosens the form, shoves it out of line, and causes bad hair cracks along the 
edge (sec speci.fication <liscussj.>n). This recommendation cannot be 
inforced under existing specificatton if the contractor objects without a 
supplementao' agreement. It may l)c desirable to construct the bituminous 
flush edging ahead of the surface mix, xvhich would simplify the form problem 
and dispense with sjK'cial forms when laying top course. This may be 
worth trying but will require a .sf>ecial price supplementary agreement. 

2. A three-wheeled lo-ton standard roller snould lx; used to consolidate 
the first spread of black base in pot holes and along the edge of the old 
macadam. At present a tandem roller is being used and there is no pos.si' 
bility of its being really effective for this first layer (sec specification dis¬ 
cussion). This recommendation cannot be enforced under present specifi¬ 
cation. 

3- Three rackers should be used to spread top. At present only two are 
used, and while it may be ixjssible for these men to produce a surface which 
meets our minimum requirements, it is certain that a much l>etter surface 
would be obtained with an additional rackcr (see Bix;cification discussion). 
This recommendation cannot he enforced under present specification. 

4. Rollcrman should be required to keep moving at least 8 hr. out of lo 
and to roll for at least 30 minutes, after the rackers stop at night (see 
specification di.scussion). This recommendation cannot be enforced under 
present specification. 

5. Overflow pipes should l>e provided for both sand and stone storage 
compartments on mixing plant to prevent mixing of sizes. At present 
the sieve analyses show that at times the stone hopper discharge 
contains 40% of sand; 15% is the u.sual maximum limit (see specification 
discussion). This recommendation cannot be enforced under present 
specification. 

6. Correctness of plant scales should be tested and certified by sealer of 
we^hts and measures. 

There is no reason to doubt these scales but a lar^e amount of binder is 
paid for by weight, and it is just as well to have a certificate of correctness. 

7- Insist on a minimum time of mixing for top course of 60 sec. per batch. 
Present time varies from 35 to 50 sec. (sec specification discussion). This 
recommendation cannot be enforced under present specification. 

8. At least 50 lb. of commercial mineral filler should be used per 1000-lb. 
l>alch of top mix and the amount of asphalt increased from 85 to about po 
lb. per hatch. At present no filler is used. The present mix used for top 
shows an excellent grading except for fine stuff. The desirability of this 
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recommendation can be easily checked by referring the matter to the 
Asphalt Association or to the city testing engineer, Mr.-. This recom¬ 

mendation can be enforced, but the contractors will probably ask you to 
forgo it to balance up their favor to you in constructing the new edging at 
binder prices. They never will be really willing to use the proper amount of 
filler until it is paid for as a separate item. 

9. Fill j>ot holes and place edge-wi<iening strip for at least i mile ahead of 
re^lar binder and surface spread to permit better compaction of this layer. 

Engineering Recommendations.—i. Have an inspector on the scale plat¬ 
form to check weights for binder paid for by the ton. 

a. Provide necessary' screens, drying outfit, and scales to permit engineer 
to make daily check analyses of mineral aggregate. 

Recommended Changes in Specifications 

Certain changes arc recornmerided in the 1925 specifications. Our 
present specifications arc a distinct improvement over the 192^ specifications 
in the matter of grading of the mineral aggregate and use of mineral filler but 
they are still weak and indefinite on a numlicr of points of equipment, and 
manipulaticjn details which are ncces-iary to insure thorough and uniform 
mixing, spreading, and ndlin^. To illustrate these p^^ints, the following 
table conqiares the best prevailing practice with our 192s specifications and 

also shows how Repair (contract-compares with both the best practice 

and Local Specifications, 

I have looked over most of the hot-mix jobs in this locality during con¬ 
struction for the last 15 years and in my opinion there has never yet been 
first-class work done on a state road in this \ncinily. The contractors always 
insist on taking advantage of the weakness of these specifications, and while 
they do a moderatelv good job, the len<lency has always been to cut down on 
needed mineral filler, to mix the batches too short a time, to rake carelessly, 
to underroll, and to cut quite fine on the weight per sq. yd. of surface mix. 

Considering that this type of pavement is a logical and economical solution 
for a considerable mileage of reconstruction, it is certainly desirable to use a 
specification which will permit the engineers to force a first-class job in case 
of dispute. 



Comparison op Specifications and Practice on Repai; 

Compiled by W. G. Hargcr, July 7, 1025 
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Discussion of Surfacb Mix Grading and Significance of Laboratory 

Tests 

Laboratoryr analyses of the finished mixture are not a very reliable basis 
for determining the actual composition of the pavement except for the 
percentage of bitumen which is quite reliable considering the average of a 
number of samples. 

The safest means for designing the mix and determining the best batch 

C roportions is by the use of daily sieve analyses of both the raw products 
efore they enter the drying drum and sieve analyses of the sand and stone 
products as they are discharged from storage bins into the mixing hopper. 
The first analysis determines the approximate proportion of sand and stone 
to be fed to the drying drum and the second analysis determines the final 
batching proportions and the amount of mineral filler reemired for a good mix. 

On repair contract-the sand used is supplied by George Amish. It is 

a good uniform product. The stone used is a mixture of Dustless screening 
and stone dust. This product is furnished by the Le Roy Limestone Com¬ 
pany. It is a good product but fluctuates considerably in composition. The 
analysis of the.se two materials is attached. An examination of these sieve 
analyses taken July 2, 1925, indicates that they should be fed to the drying 
drum in the proportion of about i part stone to 2 parts sand. This is the 
proportion being used and is satisfactory. 

Sieve analyses of the Hopper feed of hot sand and stone are attached 
(July 2. 1925). 

The batch proportions being used are 265 lb. of Hopper feed stone. 650 lb. of 
Hopper feed sand and 85 lb. of asphalt. Using these proportions and the Hop¬ 
per analyses of sand and stone of July 2. we yet the following grading for the 
final mix. This tabulation also shows the ideal mix for conditions similar 
to this road (see Chapter VI. page soi). It can be readily seen that the mix 
used is unusually good except for a shortage of fine material (pass 200 mesh) 
which can be easily added as bagged mineral filler. 



Mix in use 
Repair Con¬ 
tract — 

July 2, 192s. 

% 

Ideal mix. 

% 

Bitumen. 

8.5 

9.0 

Passing 200 mesh. 

4.6 

9.0 

Passing 80 mesh. 

14.1 

14.0 

Passing 40 mesh. 

37.8 

25.0 

Passing 10 mesh. 

13.6 

21.0 

Passing K sieve. 

14.8 

15.0 

Passing H sieve. ' 

6.6 

7.0 

Total. 

100.0 

100.0 


On the basis of this analysis I recommend that at least so lb. of commercial 
mineral filler be used per oatch and that the asphalt be increased to about 
8 to 90 lb. as determined by trial. 

The laboratory analyses of the finished product consistently show from 
9.0 to 9.8 % of bitumen, while the scale proportions indic;<te 8.5 %. As the 
determination of bitumen i.s quite accurate, this indicates the possibility 
that the plant scales are incorrect or that there is a consistent shortage of 50 
to 100 lb. per batch in weighing the mineral aggregate. This is not a severe 
discrepancy, but it indicates that it is desirable tor the plant inspector to 
keep some track on the weighing operations, particularly for binder where it 
is paid for by weight. 
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Hopper Feed Analysis 



Sand. % 

Stone, % 

Retained on >4". 


26 

Retained on 10 . 


56 

Retained on 40 . 

IS 

14 

Retained on 80. 

s» 

1 

Retained on 200. 

21 

I 

Pass 200.j 

6 

2 

1 


Raw Products 



Sand, % 

Stone, % 

Retained on >4". 

j 

7 

Retained on 10. 

7 

43 

Retained on 40. 

15 

32 

Retained on 80. 

42 

7 

Retained on 200.. . .... 

26 

S 

PaevS 200.! 

' 9 

6 


Binder Course 

Grading of Aggregate.—The hin^^lcr is batched 250 lb. of sand. 650 lb. of 
stone, ana 45 lb. of asphalt. This is a sati.sfactory mix which work.s well in 
the pavement. 

The binder (black ba.sc) is spread and compacted in two or three layers 
depending on the inequalities to be taken out. 

At present each layer is being compacted by the 8-ton tandem roller. 
This roller is not suitable for compacting the first layer which fills in pot 
holes and widens the old macadam by a narrow side strip (jf varying depth. 
I recommend that a standard lo-ton three-wheel roller be used in compacting 
this first layer. The tandem roller is sati'^factory for the top layer of hinder. 

Criticism has been made that the binder was not properly compacted nor 
was it protected from side shore by a firm earth shoulder. The ba.se as now 
laid shows no evidence c,f cither side shove or rutting when 2A,ooo-Ib. truck 
loads are run along the edge. It is probable that continued heavy traffic 
may compact this edge in the future somewhat and increase the crown 
slightly, but I have no hesitation in saying that an earth shoulder of the light 
soil available would have no effect in improving the stability of this edge. 
The stabil.tv of the edge must depend on the stiffness of the black base 
itself. We have recommended the use of a thrcc-whcel roller to minimize 
future settlement, under continued heavy traffic. 

It is desirable to fill all pot holes anil place the side-widening stop for 
at least i mile ahead of the regular binder and surface spread to get a l)etter 
compaction by rolling and traffic. This evencr layer should be well pounded. 

Signed 

W. G. Hargcr. 


BRICK PAVEMENT 

Amounts of material^ see pages 511 and 1146. 

^Tnspectioa Details.—The success of a brick pavement depends 
largely on the care in construction and rigid inspection. Inspection 
covers careful control of grading, culvert backfills, concrete base, 
and brick surface. Inspection methods for all operations up to 
the brick surface have been previously discussed. 

“Brick surface inspection includes control of handling brick, 
cushion, laying, culling, rolling, grouting, and protection until set. 
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Suggestions published by the Dunn Wire Cut Lug Brick Company 
are aefinite and reliable as any source. They are quoted as follows: 

Expansion Joints .—Expansion joints shall be placed parallel 
with and at each curb line and extend across each street and alley 
intersections. It should be 3 ^^" in width for streets less than 
20' wide; for streets from 20 to 30' wide, and i" iu width for 
streets wider than 30'. This joint must extend to the depth of 
the brick. 

premoldcd or prepared bituminous strip which will be 
unaffected by the action of water and will remain pliable at all 
temperatures to which it may be subjected shall be used for this 
purpose. The material should be made into strips of suitable 
length and of the required depth and thickness and shall be placed 
in the pavement with the ends closely joined as the bricks are being 
laid. 

“Delivery of Brick. —Before the grading is finished, the brick 
shall be hauled and neatly piled outside the curb line in sufficient 
quantities to complete the brick surface. Clamps or conveyors 
may*be used in connection with this work, but the brick shall 
not be dumped from wagons to jiiles, or from cars to wagons, nor 
shall they be piled in any location where they are likely to become 
bespattered or covered with mud or otherwise injured, unless 
thoroughly protected. 

“In delivering the brick from the piles for placement in the street, 
no wheeling in barrows will be allowed on the brick surface. The 
brick shall be so arranged and carried on a pallet, or conveyor, 
that when delivered to the drop[)er, each brick, in the regular 
operation of placing u{)on the cement-sand bed as prepared, will 
naturally lie with the projections in the same direction and wdth 
the best edge uppermost. 

“Cement-sand Bed. —Upon the foundation as prepared there 
shall be spread a bed of cement and sand of uniform density to the 
depth of i" and in the proin^rtion of i cement and 4 sand. The 
cement and sand shall be thoroughly mixed dry in a mixer until a 
uniform color is obtained. 

“The cement-sand bed shall be carefully shaped to a true cross- 
section, parallel with the finished pavement, by means of a template 
covering at least one-half of the wddth of the brick w'ork, and so 
made as to be easily drawm over the curb or guide rails set to the 
p)roper elevation. The operation of shaping the cement-sand bed for 
the brick is considered 01 prime importance in securing the desired 
evenness in the surface of the finished pavement. 

“Brick La]ring.—Upon the cement-sand bed as prepared, the brick 
shall be immediately laid with the best edge up, the projections in 
one direction, and with the courses straight and at right angles to 
the center line of the pavement, except in the case of hillside brick 
which are to be laid parallel thereto. All joints must be broken at 
least 3", and the courses straightened by tapping lightly with a 
sledge on a 4 by 4" timber 3' in length, provided for tliat purpose. 
Nothing but the whole brick shall be used except in starting and 
finishing courses, or in such cases as may be directed by the 
engineer. The cutting and trimming of the brick shall be done by 
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experienced men. For closures, nothing less than 3" bats shall be 
used, and the fractured ends laid toward the center of the pavement. 
Broken and chipped brick suitable for batting shall be used so far 
as practical in obtaining the necessary half brick for breaking 
course and making closures, instead of breaking other\vise whole 
and sound brick. All brick when laid shall be clean and kept 
clean and entirely free from dirt or other foreign matter until tne 
pavement is completed. All the work of brick laying shall be 
done over the brick already laid. The disturbing of the prepared 
cement-sand bed is prohibited. As soon as any surplus of delivery 
of brick is ascertained, they shall promptly be moved forward for 
use. 

‘‘After the brick have been laid, the chips shall be swept from the 
street, all soft brick removed, and those badly broken, badly 
spawled, or misshapen shall be turned over or removed by the 
contractor. Brick slightly chipped for batting in shall be carried 
forward and used for that purfx)se; the remainder shall be placed 
in separate piles along the street. The inspector shall keep the 
brick culled, and the contractor shall make the necessary changes 
and replacements so that the work at all times shall be ready for 
the grouting within 50' of the brick laying. 

“After the brick are laid the contractor will start culling. Then 
you and your inspectors should carefully go over them, marking 
all soft' bricks to be taken out and rejected; all kilnmarked bricks 
to be turned over, and if not satisfactory to be taken out and used 
for pinning in; all overburned bricks,2 which are burned to a cinder 
to be rejected. All underburned bricks, which, in your opinion, 
will not make a satisfactory pavement, to be rejected. All bronzed 
bricks (which have the appearance of overburned brick but this 
on one side only) to be turned over, and if satisfactory allowed to 
remain in the pavement. 

“Be sure that you have culled all of the bricks before the pave¬ 
ment is rolled, for after the pavement is rolled if much culling is 
done you are liable to have a rough pavement. After the pave¬ 
ment is rolled go over same and mark all broken and spalled 
bricks, to be taken out or turned over. 

“Be careful of all high and low bricks in the pavement, for same 
will wear badly when the road is finished. 

“Be sure that your bricks are laid at right angles to the curb 
and are not wavy as to line. 

“In no case allow any ‘Dutchman’* in your pavement except 
on curves where absolutely necessary. 

‘^Rolling.—Immediately after the brick in the pavement have 
been inspected and the surface of the pavement sw’ept clean, it 
shall be rolled with a self-propelling tandem roller, weighing 
approximately 3 tons, in the following manner: The rolling will 

* Soft brick arc found by sprinkling the pavement lightly; the soft or 
under-burned brick will absorb the moisture, rapidly becoming dull, while 
the good brick still gli.sten with the water. 

* Over-burned brick are known by their color, which is much darker than 
the average. 

* " Dutchman.'* Brick chipped to wedge shape to hll in between radial 
courses on curves. 
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commence near the curb or edging line, at a slow pace and continue 
back and forth until the center of the payment is reached, then 
pass to the opposite curb or edging line and repeat in the same 
manner to the center of the street. After the first passage of the 
roller the pace may be quickened. The pavement shall then be 
rolled transversely at an angle of 45°; repeat the rolling in like 
manner in the opposite direction, then roll parallel with the curb 
or edging line until the surface is smooth. 

‘^Before this last rolling takes place, all broken or injured brick 
must be taken up and replaced with acceptable ones. Portions 
of the pavement inaccessible to the roller shall be tamped to grade 
by the use of a hand tamper applied ujxm a 2" plank. 

‘‘After the final rolling, the surface shall be tested with a 10' 
straight-edge laid parallel with the center line of the pavement and 
any depressions exceeding shall be taken out. 

‘‘All brick laid shall be rolled ready for grouting at the end of the 
working day. 

“Cement Grout Filler. —The cement grout used in filling the joints 
in the brick shall consist of i part of cement and parts of sand. 

“The cement shall meet the requirements of the Standard Specifi¬ 
cations for Portland Cement of the American Society for Testing 
Materials, adopted Aug. 16, 1909, with amendments and additions 
thereto adopted by the said society. 

“The sand for the cement-sand bed and the grout filler shall be 
composed of clean, sharp, well-graded quartz grains and shall not 
contain more than 5% ot clay or silt. The grains shall be such size 
that all will pass a No. 12 sieve and that not more than 40% will 
pass a No. 50 sieve. 

“As soon as the pavement is rolled and before the filler is applied, 
the pavement shall be thoroughly saturated with water so as to 
insure the hardening of the cement-sand bed. The brick must be 
wet when the grouting starts. 

“The cement and sand for grouting in correct propiortions shall 
be thoroughly mixed dry until the mass assumes a uniform color. 
From this mixture a small batch not exceeding 2 cu. ft. shall be 
placed in a suitable box or a machine especially adapted for that 
purpose. Slowly add water and thoroughly mix until the mixture 
is of such a consistency that it will readily flow into the joints 
without separation. Ample time must be taken in preparing 
this liquid mixture, first making a plastic mortar, then gradually 
thinning by mixing and slowly adding water; continue the mixing 
until all is removed and applied to the surface in small quantities. 
The application should be continued until the joints appear to be 
filled. Any surplus material remaining on the bricks shall then 
be swept into the joints. Extreme care must be taken that the 
joints are not cemented over and that the filler extends down to the 
bottom of the brick. 

“After the first coat has had a chance to settle and before the 
initial set develops, a second coat shall be applied in a simUar 
manner with a somewhat thicker grout. After this application 
has had time to settle and before the initial set takes place, the 
pavement shall be finished to a smooth surface with a squeegee 



1334 


INSPECTION DETAILS 


having a rubber edge which shall be worked over the brick at an 
angle with the joints, thus leaving them entirely filled. 

‘^The contractor shall provide thin metal strips by 6" by 

3' long and insert same in the brick joints across the street when 
closing up a stretch of grouting at work intervals, so that the 
grouting will end in a vertical joint. These strips must be taken 
out when tlie grout becomes still and before the initial set. 

Protection of Filler.—.\ftcr the surface has been thoroughly 
inspected and if approved, and suflicient time for setting has taken 
place so that a coating of sand or earth will not absorb any moisture 
from the cement mixture, the surface shall be covered with i" or 
more of sand or earth to prevent too rapid drying of the filler. 
This shall be kept moist for at least 4 days, and no traffic shall be 
allowed on the street for a period of at least 15 days. 

Hillside Brick.—On grades, when ordered by the engineer, 
standard hillside brick shall be used. These brick shall in quality 
and test conform to the re(iuiremcnts of these specifications. 

The general method of constructing a wire-cut lug hillside pave¬ 
ment shall conform to the standard specifications, e.xccpt that the 
bricks shall be laid longitudinally instead of transversely. They 
shall be grouted in the manner specified for brick pavements 
except that all grout in the surface grooves of the wire-cut lug hillside 
brick shall be broomed out before it shall have time to set up (care 
being taken not to disturb the grout in the longitudinal joints). 
This brooming shall be done transversely with a rattan broom. 

Note. —We strongly advise (he use of a small mixer properly 
equipped for applying the grout. This mixer should be used for 
the first application, and a suitable box for the second application. 
When boxes are used the grout shall be removed from the same with 
scoop shovels. 

Bituminous Filler.—Where bituminous filler is used, the brick 
must be clean and dry when the filler is applied. It must be heated 
to the proper temperature between 300 to 380'’!'. and applied by 
either conical pouring cans the nose of which rests on the joint 
and is drawn along the joint, or by the squeegee method. The 
squeegee method is recommended by the brick people. In this 
method the hot filler is poured on the pavement and rapidly w'orked 
into the joints by hot iron squeegees operated slowly backward 
and forward at an angle with the joints. The operation is continued 
until the joints remain full and a thin film of bitumen remains on 
the surface of the brick. A thin sand or screening coat is spread 
over the surface and the pavement opened for traffic. 

BRIDGES 

Staking Out Bridges.—Bridge abutment and sur)erstructure 
plans are usually quite thoroughly dimensioned and these dimen¬ 
sions refer to the center line of the finished bridge and to the clear 
span between faces of abutments or between bearing centers. 

Abutments are usually staked out for construction by means 
of two or more firmly driven center-line stakes placed outside of 
the limits of excavation and at a known distance from the face 
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of the abutment and also by offset side stakes outside the limits of 
excavation at equal distances from the face of the abutment to 



Fig. 345. —Bridge staking notes. 

establish the location and angle between the road center line and 
the face of the abutment; the location and direction of the face 
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of the wings are shown by special wing stakes. Figure 345 shows 
the usual method which is modihed to ht special conditions. The 



Pio. 345.— (Continued), 


elevation of the top of all these stakes is determined from which 
the grade of the foundations, bridge seats, camber blocks, etc. can 












































1338 


IN’SPFXTION DEtAILS 


The method of reducing toe pressure by increasing the width 
of the footer course is explained on pages 1047 to 1049. If there is 
any uncertainty as to objectionable settlement, piles should be used, 
as it never pays to take a chance on foundation stability. Piles 
should also be used if there is danger of excessive scour, even if 
the soil is safe from the standpoint of bearing value. 

Test FHles. —If piles arc shown on the plan or become necessary 
on account of unexpected foundation soil conditions, test piles are 
driven to determine the length, number, and spacing of piles to 
be ordered driven. 

At least six test piles should be driven located at the center of 
each abutment and at the ends of the wings to determine variation 
in conditions which are likely to occur. 

These piles are driven to a satisfactory resistance. There arc 
two general conditions; first where the pile is driven to rock or a 
hardpan strata and where the top material is semilluid and very 
soft; in which case it is figured as a long column and for which 
blunt-end or blunt-point piles are required (sec long column table, 

E . 1078); second, where the pile develops a safe load by skin friction 
etween pile and soil, in which case the length size and taper control 
the safe load which is increased by length and size. 

The safe load in friction piles can be closely determined only by 
actual test loads and is usually specified as 50% of the actual load 
causing a settlement of in 48 hr., but as a general rule the 
so-called Engineering News formulas which are based on extended 
experience and tests will serve as a safe criterion of safe load. 
These formulae are given below and are sup{>oscd to give a factor of 
safety of 6 although Table 233 comparing actual observed and 
computed loads shows considerable range of results. 


Table 233. —Comparison of Actiial and Computed Safe 
Loads on Piles^ 

{Engineering News formulas—drop hammer) 


Length 
of pile, 
feet 

Weight 
of ham¬ 
mer, 

ir lb. 

Height 
of Lall, 

A ft. 

Last 

pe:y- 

tration 

per 

blow, 

.V" 

inches 

Load 

Ob- j Corn- 
served j puted 

Character of soil 

S3 

2,000 

4,0 

8 5 

13.300 1,600 

Almost fluid mud 

35 

1.600 

35 0 

3.0 

22,400: 10.750 

Soft muddy bottom 

35 

1,700 

25 0 

2 0 

44.800; 28.300 

Mud 30' deep 

35 

910 

50 

0.3 s 

62.50oj 6.740 

.Mud, sand and clay 


1.900 

20.0 

15 

75.000 44. roo 

Stiff clay 

91 

2.300 

22 0 

1.75 

75.000' 36.800 

Mud 6o\ Sand 6' 

73 

2.300 

33 5 1 

3.75 1 

3.4000! 32,500 

Water 12'. Mud 61' 

30 

3.300 

22.0 

2.0 

38.0001 33.700 

Sand 

33 

3.300 

22.0 

I 0 

110.000 50.600 

Sand 


» American Civil Engineer's Pocket Book, John Wiley & Son, Publishers. 


In order to utilize the Engineerings News formulas with reasonable 
assurance of accuracy, the piles mut drive with fairly uniform or 
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gradually increasing resistance; the hammer must not have a 
noticeable rebound and must fall on solid uninjured pile top; that 
is, when test penetration is taken, broomed tops must be cut off 
square down to solid wood. Also the formula for drop hammers 
assumes free fall. For a restrained fall where cable and drum remain 
attached to hammer use 80% of computed safe load as given by the 
formula. In driving test piles the safe load should be computed 
at lo', 15', 20', etc. depths to determine the relation of lengtn and 


Averogc Pcrc^roflon in Inches per Bloiv for Last Birce Blows for2000 Pound Drop Hammer 



Avtroge Pcnetra-lion in Inches p«r Blow for Last Three Blows for 2000 Pound Drop Hammer 
Fu;. 346.4 .---Safe pile loads drop hammer test with free fall. 
(Shear release.) Use 80 ^.0 of safe loads for drop hammer with 
usual cable and drum rig. 

safe load in order to work out a reasonable length spacing layout 
and individual pile load. Piles are usually spaced 23^ to 3', never 
less than 23^2' and rarely over 4'. Tops should be cut off at stag¬ 
gered elevations to prevent a cleavage plane. Final top elevations 
are usually 12 to 18'' above bottom of concrete. 

Practical refusal in driving piles is generally assumed when the 
resistance to driving indicates the pile safe for 30 tons. This 
occurs when the penetration per blow is from to for ordinary 
drop hammers falling 15 to 20' (see Figs. 346i4 and 346^). The 
usual drop hammer ^ould weigh at least 2000 lbs. for timber piles 
and the drop should not exceed 20 ft. In driving concrete piles the 
hammer should weigh at least as much as the pile and the drop 
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should not exceed 6 ft. In driving concrete piles steam hammers 
striking a blow of at least 12,000 ft. lbs. are usually specified with the 
added requirement of water jets in hard driving. No effort should 
be made to drive piles beyond the depth at which practical refusal 
is reached, unless pile penetration is less than minimum stipulated 
and it is possible to get further penetration by water-jet methods. 

Leads must be used even with double-acting steam hammers to 
permit steam hammers to rest entire weight on top of pile. 


Psnstra+ion^ inches per blow 



0 12 3 4 5 6 


Penehrafion/inches per blow 

Fig. 346B.—Safe pile loads. Double acting steam hammer test 
penetrations. 


Engineering News Formulas 


Drop hammers P — 

Single-action steam hammers P 

Double-action steam hammers P ^ 

P •• safe load in pounds per pile. 

W ■■ weight of hammer in pounds. 
h *■ fall of hammer in feet. 



5 penetration per blow last 5 blows in inches. 

B •" energy of blow in feet, pounds. (Get from maker's catalogue.) 



Iable 234. —Typical Double-acting Steam-hammer Sizes 
Specifications of McKJernan-Terry pile hammers 
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Table 234^4 


Foot pounds blow 
at given stroke 


Size of 
hammer 

Weight 
of ram. 
pounds 

Lifting 
area of 
pi^^tc^n, 
square 
inches 

Striking 
area of 
piston, 
square 
inches 

Len^h 
of i - 

stroke, 
inches 

per minute 

No. 

I 

21 

I 932 

3 976 

3 N 1 

500 


100 

.\o. 

2 

48 

3 487 

3 187 

5 ‘-4 

500 


140 

No. 

3 

08 

3.139 

8 2<>6 


400 


350 






1 

I 

300 


1,000 

No. 

S 

200 

18 85 

18 85 

7 

275 


800 






i ' 

250 


650 







275 


2.S00 

No. 

6 

400 

36 18 

36 18 

■ ' 1 

230 


2.160 







200 


1.680 




1 



22 =; 


4.ISO 

No. 

7 

800 

55.6 

6 


io> 


3.720 







170 


3.280 







140 


8.200 

No. 

9-B-2 

1.500 

i 44 177 ! 

! 56 745 

16 

>30 


' 7,000 





1 


1 20 


i 5.940 




1 


1 

1 I 20 


! 22.080 

No. 

I i-B 

3.625 

' 100.645 

; 120.28 

i 20 1 < 

1 10 


, 18.020 







[ 100 


1 I 5 640 


Attention is called to the fact that our hammers at the sjxeds indicated 
above must develop the f<X)t pounds per blow as sjjccified. Calculations 
based on steam pressure arc misleading because no two set-ups are identical 
and it is impossible to determine the mean effective pressure m the working 
cylinder from the boiler pressure as shown by gauge. 

Figure 346/I shows safe load 2000 lb. drop hammer for different 
falls and penetrations with load factors for other hammer weights. 
This diagram assumes free fall. For restrained fall {cable and drum 
attached to hammer) use 80% of loads given. 

Figure 346^ shows safe loads for different penetrations per blow 
for double acting steam hammers striking a 10,000 ft. lb. blow 
with load factors for other forces of blow. 

Table 234 gives typical double-acting steam-hammer specifica¬ 
tions. 

As a check on the Engineering formulas, Trautwinc states 
that friction on piles will sup[)ort following total loads per sq. ft. 
of pile surface in contact with earth. 

Total load per sq. Safe load per sq. 

Soil ft. pile surface, ft. pile surface, 

pounds pounds 


Dense moist sand . 3000 ' 400 

Loamy gravel. 2000 400 

Common soils and clays.. 1000 to 1500 200 to 300 

Silt and mud. aoo to 400 50 to 100 
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Horizontal Stability of Piles .—For the ordinary bridge foundation 
conditions there is rarefy any doubt of horizontal stability but where 
piles are driven through a very soft upper layer with only a short 
penetration into an underlying hard layer and where after driving 
the tops of the piles can be easily moved horizontally it is necessary 
to insure against horizontal movement of the abutments by means 
of batter piles. Where a condition of this kind is unexpectedly 
encountered the inspector should get in touch with the bridge 
engineer for specific instructions as to the number, length, location 
and batter of the piles to be used to insure stability. 

Inspectors Records.—Samjde records for bridge work are given 
below from the California Manual. 

Forms.—Tlic following figures illustrate typical forming for 
concrete which is strong enough to prevent objectionable deflection. 

The |)ractice of the Illinois Highway Commission in designing 
fornih for reinforced-concrete girder bridges is as follows: 

“ r. Rail and Girder Forms.—Forms for side rails of reinforced-concrete 
slab bri l«cs may be constructed of 1" sheeting with vertical studs placed not 
farther apart than 2'. Forms for the girders of reinforced girder bridges 
should preferably be constructed of commercial 2" sheeting with studs not 
farther ai)art than All sheeting should be surfaced on the side adjacent 

to the concrete. 

“2. Bracing Rail Forms.—Rail or girder forms are best kept in line by 
extending tlic caps of c.H'h bent a suliicicnt distance, bracing them to the 
falsework posts and tlum running a heavy stnngpicce along the ends of the 
extende<l caps, bracing from this stringpiecc to each stud of the rail or gprder 
forms. 

“3. Setting Panel and Coping Forms.;—The panels and coping of rail 
and girder forms should, whenever practicable, l>c omitted until the floor 
of tlie span li.as boon concreted. The woiglit of the floor is usually the 
greater part of the total weight of the superstructure, and if any settlement 
of the falsework occurs, it is usually when the floor is placed. If the panel 
and copuig f<irms arc completed before any concrete is placed, settlement of 
the falsework will show in the panels and coping. It is not safe to trust to a 
camber to take care of the settlement, as the settlement is almost sure to be 
uneven at the difTcrent supports. The side forms of the rails or girders 
should preferably be left 3 or .p' higher than th.e finished girder, and iust 
before the last concrete is placed, a triangular molding should be nailed on 
the inside of the forms at the exact elevation required and used as a guide 
for a template in striking off the top of tlie girder. If these precautions are 
taken, the portions of the work visible from the roadway may show perfect 
lines, although a settlement of the concrete may have occurred which shows 
as a sag in the bottom of the girders when viewed from the side. A small 
settlement of falsewtjrk which occurs before the concrete has set does not 
injure the strength of the l^ridj^. 

“4. Construction of Girder Forms.—Girder forms should be so built as to 
permit of ready removal without injuiw to the concrete. The underside of 
copings should be given a pitch towards the girder for this purpose. Great 
care should be taken to secure perfect alignment of rail and girder forms. 
Local kinks should be taken out before the concrete is placed. 

"S. Alignment of Forms.—Correct alignment of girder and rail forms 
cannot be too strongly emphasized. Irregular lines are exceedingly unsightly 
and as the bridge will be judged for all time to come from the appearance of 
the portion visible from the roadway, if this appearance is unsightly, the 
bridge will be condemned by the public regardless of the possible excellence 
of the concrete.” 

The following instructions for constructing concrete highway 
bridges forms were prepared by M. W. Torkelson, bridge engineer, 
Wisconsin Highway Commission. 

*' I. Never place the bents for any kind of falsework more than s' apart. 

**2. If you can possibly get a pile driver, use driven piling to support your 
falsework. 
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Pig. 347.— (Continued.) 
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"3. If you cannot get a pile driver, good bottom can be obtained by laying 
planks or timbers on the stream bed to get a good wide footing for each l^nt, 
then placing the mud sill upon the planks to support the posts. Before the 
planks or timbers are laid upon the stream bed, this should be leveled and all 
soft mud or easily removed sand should be removed. Sometimes temporary 
concrete sills can be used to advantage, but the principle is the same as for 
wooden sills. 

"4. The posts for the bents should be 8" thick and of good sound timber. 
Always use eight posts in each bent where the road is 20' wide, and arrange 
the posts so that two will come under each railing. 



(a.) ib) 


Fig. 348.1. 


“S. Use a heavy cap on top of the posts fastening either with dowels or by 
means of very heavy spiking, and let this cap extend about 4' beyond the 
railing. 

“6. The floor can best he directly supported by 2 by 10 joists spaced 18". 
Under railings double this up. 

‘*7. With the joists spaced as in (6), the floor can be i or material. 
It should be nailed to the joists with 8*penny nails and should extend al>out 
4' beyond the outside of the railing. This extra width is needed to brace the 
railing and for walking across the bridge. 



Fig. 348/iI.--Falsework (ot small cijnrrctr bridges.* 


”8. Be sure to croaa-brace the falsework both ways so that it will be held 
rimd against pressure from anv direction. Unless this is looked after, the 
falsework is likely to wobble when the placing of the concrete licgins. 

'*9. Always use good planed and sized lumber on the railing, as tliis is the 
part of the work which shows up. Have all panel work and three-cornered 
chamfer strips made at the same planing mill. Send your bridge plan to the 
mill and have strips cut to the proper dimensions. Wet railing forma 
thoroughly before pouring concrete. 

*' 10. Always keep a man tamping the concrete next to the forms. This 
will give a good smooth surface when they are removed and diminish the 
work of finish. A wooden tamper will give better results than a steel spade. 

' Notb. —Specifications mud sills, page 1521. 
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*‘ii. Removal of Forms.—In order to make possible the obtaining of a 
satisfact9ry surface finish, forms, on ornamental work, railings, parapets, 
and vertical surfaces that do not carry loads and that will be exposed in the 
finished work shall be removed in not less than 12 nor more than ^8 hr., 
depending upon weather conditions. Forms under slabs, beams, girders, 
and arches* shall remain in place at least 21 days in warm weather, and in 
cold weather at the discretion of the engineer. Forms shall always be 
removed from columns lief ore removing shoring from beneath beams and 
girders, in order to determine the conditions of column concrete. 





Fdlsiwork on Mud Stf/s Fabtftork on Piles 


Detail of Railing Form 


Fig. 349. 


"No forms whatever shall l>e removed at any time without the consent 
of the engineer. Such consent shall not relieve the contractor of responsi¬ 
bility for the safety of the work. As soon as the f<.>rms are removed all 
rough places, holes, and porous spots shall be filled, and all bolts, wires, or 
other appliances used to hold the forms and passing through the concrete 
shall l>e cut off or pushed back with nail set t-i" below the surface and the 
ends covered with cement mortar of the same mix as used in the body of the 
work." 


I (DOvbhd) 


,1), n . 


A/ 


um- II 11 II II. Il - .4 


y Foe 


Outside Ekvdilon of Railing form 


'T-TT -U " .... 

I Hatched Lumber i ' 
Section A~A through Form 
(Fcr railings having end posts) 

rH i. i ■ 4 - H 

Section A~A through Form 

(for 'aii/ngs h/y 'y no end posts) 


Fig. 350. 


The falsework and form plans given in Figs. 348/I to 3^0 were 
prepared by M. W. Torkelson, bridge engineer for the VVisconsin 
Highway Commission. 

The plans shown in (a) Fig. 348/I are for spans up to and includ¬ 
ing 14'; while the plans shown in (6) Fig. 348J are for spans of 16 
to 24' inclusive. The bents should be spaced 5' centers. Use four 
2 by 10" joists under the railing. Use hardwood \vedges for cam¬ 
ber and to facilitate removal of forms. 

The falsework in Fig. 348should be used where it is impossible 
to drive piles. Bents should be spaced not more than 5' centers, 
and two posts should be spaced under the railing. Use four 2 by 

♦ Author’s Notb.—A good rough and ready rule for minimum time in 
days for removing forms under arches is to diWde the span in feet by 4- 
Tlua asaumes warm weather. No backfill should be made in loss than 28 
days. 
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10" joists under the railing. Use 2 by 6" joists on top of footing 
under each joist. Use hardwood wedges for camber and to facili¬ 
tate erection. Details of an elevation of a bent are shown in 
Fig- 349 - 

The falsework bent shown in Fig. 340 may be a framed bent sup¬ 
ported on a mudsill as is shown on the left, or may be a pile bent 
as shown on the right. Eight p)osts or eight piles should be used 
in a bent for a 20' roadway. Two posts or piles should be spaced 
close together under the railing. Bents should be spaced not 
more than 5^ centers. Use four 2 by 10" joists under the railing. 
Use hardwood wedges for camber and to facilitate erection. Pour 



floor to top of curb, then build inside railing form to top of 2 by 
6'' plate, or under side of coping, and pour rail to this point. Let 
concrete set while pouring other rail to this height. Return to first 
rail and see if any settlement has occurred, and if so wedge up 
2 by 6 " plate level before building form for coping. Always pro¬ 
vide camber in forms for each 10' of span. Have three- 
cornered strip m(idc at planing mill. For elevation and section 
of railing forms, see Fig. 350. 

Details of forms for retaining walls as constructed by the Illinois 
Central Railroad are shown in Fig. 351. The forms were con¬ 
structed in sections 54' long. These forms were cross-braced by 
rods spaced 7' 8^" centers as shown. When the forms were 
taken down, the ends of these roads were unscrewed, the main 
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portions of the rod being left in the wall. The forms were made of 
2" plank surfaced on the inside. 

Forms used by the Chicago and Northwestern Railway are 
shown in Fig. 352. The forms were built in sections 35' long. The 
2 by 8'^ braces were used to hold the sides of the forms apart and 
were removed as the concrete was put in place. The 2" pipe used 
to cover the rod bracing was old boiler flues and rejected pip>e. 



* Sob-Foundabon 


PlO. 353.—Typical form. High abutment Ry. elimination project, 
New York State. 

Description 

A. Whalers. Two 2 by 6" boards nailed together. 

B. Braces, a by 6"—spaced a' apart. 

C. Braces to hold whaler in place. 

D. Inside braces after forms were set. Notice pressure against wire** 

E. This board held in place and form started from here. 

F. Boarding 2 by 8". 

G. Rails. 

Wire is No. 9 form wire tied to whalers, twisted and also doubled. 

Wires are staggered on different braces and whalers. 


Typical abutment form New York State elimination abutment 

typical section arch form shown in Fig^. 354. 

Detail design data for forms given in Chap. XIV, page 1052. 







SecVion Pc^rolicl loCenlerLine 
Pig. 354.—Typical concrete arch form. 
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Fig. 354.—Typical abutment form. N. Y. Central railroad bridge. 
—If I'f facing is used the vertical studding is spaced. 16" c to c. 
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Fig. 354.—Typical high retaining wall form. 
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Bridge Inspection.—The following extracts from the California 
Highway Commission Manual of Instructions cover most points 
not specifically explained in the ordinary specification. These 
extracts are supplemented by a short statement in regard to founda¬ 
tion soils, test piles, and staking out on pages 1334 to 1354, which the 
author has found to be convenient data for inspectors (see also 
Specifications, pp. 1492 to 1572). 

CONSTRUCTION DETAILS^ 

“Resident engineers shall be guided by the following instructions 
concerning the various types of work: 

“Section i. Excavation.—Safe and proper foundations for bridge 
structures are of the utmost importance. The life and safety of 
the structure depends on the stability of its foundations. 

“At the time a structure is designed, the type of footing and 
the allowable soil pressures arc determined from the most available 
data, but upon opening the excavation pits the conditions may be 
found to be different from those assumed in design. This may 
make it desirable to alter the footings either by changing their size, 
raising them, lowering them, by driving piles, or by other means. 

“The bridge engineer shall always be notified sufficiently in 
advance of the date upon which it will be po.ssible to inspect the 
footings or foundation materials, so that he or his assistant may 
inspect them to determine their suitability and pass upon any 
desired changes. 

“In case excavation is wet or the material is of such nature that 
it has to be cribbed or shored, the cofferdam or crib shall be of 
sufficient size so that there will be ample room between the forms 
and the cofferdam to permit bracing, to provide pumps for pump¬ 
ing, and to permit inspection of the concrete after the forms have 
been removed. 

“The cofferdams, cribs, and shoring shall be sufficiently strong 
to withstand the pressures caused by dewatering the pit. The 
contractor shall be required to submit sketches of the method of 
constructing cofferdams or cribs. Braces shall not be permitted to 
extend into or through the concrete, but should be so arranged that 
they can be removed as the concrete is placed. 

“Before placing concrete, all loo.se material shall be removed 
from the bottom of excavations and from the walls where excava¬ 
tion is made to neat lines. Care shall be taken not to allow material 
which has been loosened by blasting, etc., to remain in footing or 
abutment excavations (see specifications for details of excavation). 

“Section 2. Backfilling (sec specifications for details).—Back¬ 
filling around piers and abutments shall be carried up uniformly 
around the entire structure. In case of approach fills against 
abutments, the filling shall not be done until the concrete has set 
sufficiently to withstand the earth pressure. 

“Backfilling that is to become an integral part of the roadway 
embankment shall be compacted by spreading in thin layers 

> California Manual. 
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rolled, tamped, puddled, or compacted by other methods approved 
by the bridge engineer. The class of material will determme the 
method to be used. 

“No rubbish, timbers, or other foreign materials shall be used for 
backfilling. Boulders shall not be permitted to drop against the 
fresh concrete. 

“Forms shall be removed to the ground line. 

‘‘Section 3. Falsework.—For important structures the con¬ 
tractor shall submit a plan for approval showing the proposed 
method of constructing the falsework (see specifications). 

“Driven falsework is preferable, but framed falsework may be 
approved when soils are suitable, and when sufficient bearing is 
provided under the sills to prevent settlement. Especial care 
shall be taken to get sufficient bearing area in the case of adobe or 
clay soils because of the liability of the soil becoming wet and soft 
when concrete is placed. Falsework shall be so constructed that in 
the event of settlement it can be taken up with wedges. In case of 
supports being placed where excavation has been made, the sup¬ 
porting timbers shall be set upon the original firm ground or where 
possible ujion the concrete footings. 

“It shall be constructed with braces and fastened together in 
such a manner as to act as a unit so that the settlement will be 
practically uniform. 

“The use of bolts in fastening falsework is preferable to spiking, 
as it will be much more rigid and removal will be facilitated. 

“Plans for arch centering, trussed falsework, and falsework for 
structures over railway tracks must be submitted to the bridge 
engineer for approval before their use will be permitted. In the 
case of supports over railway tracks, it is necessary that the plans 
be approved by the railway officials. The resident engineer will 
see that these plans are submitted sufficiently in advance of their 
use, so that there will be ample time for approval. 

“In setting grades for falsework, an allowance shall be made not 
only for settlement occurring from the soil, but for closing of hori¬ 
zontal joints in vertical framing. This allowance shall be deter¬ 
mined as far as possible by data obtained from previous work. 
The resident engineer shall take careful levels before and after 
placing of concrete, and before removal of forms, submitting the 
settlement data so obtained together with a sketch of the falsework 
used, and a description of conditions, in the final report of the work. 

“Section 4. Forms.—The plan submitted by the contractor for 
the falsework shall include the forming plan. 

“In constructing forms, the grade, alignment, surface appear¬ 
ance, and rigidity shall always be kept in mind. 

“Forms shall be constructed of lumber surfaced one side and two 
edges. Joints in sheeting shall be permitted only at studs. Studs 
shall be spaced so that the lines will be straight and true, with no 
bulging and tipping out of line. Where i" lumber is used for 
sheeting, studs shall be held by means of walinp of sufficient size 
to insure rigidity of the forms. The use of 2^ T and G lumber 
on the exposed surfaces will give a much better finished appearance 
and will tacilitate finishing tne concrete surface. 
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“If green lumber is used, the sheeting shall be nailed as tight as 
possible. If thoroughly seasoned lumber is used, the forms shall 
be oiled before the concrete is placed, or a space from He I® 
in width, depending upon the condition of the lumber, shall be 
left to take care of swell. These cracks shall be closed by 
thoroughly soaking the forms w'ith water prior to placing concrete, 
in order to prevent loss of cement and an unsightly surface finish. 
Ship-lap may by used but it shall be thoroughly seasoned to 
prevent shrinkage of the forms. 

“Knot holes and other apertures in forms shall be closed in an 
acceptable manner before placing the concrete. Sheeting of a 
width greater than 8" will not be permitted unless special pre¬ 
cautions are taken to prevent warping. 

‘‘The amount of camber to be used in placing falsework depends 
upon the bearing power of the soil, type of forms, number of joints 
in the falsework and length of span. The camber shown on the 
plans is the amount that should exist after the forms have been 
removed. A reasonably safe rule to follow is to double this amount 
to allow the settlement, but local conditions must be considered in 
determining this amount. The thickness of the floor slab shall 
be the same at all points regardless of the amount of camber used. 

“The use of bolts as tie rods in forms where practicable, such as, 
piers, abutments, or other mass concrete, is desirable because of 
the rigidity obtained. When wdre is used, it shall be of suflicient 
strength and elasticity to permit thorough tightening. 

“Oiled or other treated forms are desirable, but oiling must be 
done before the reinforcing steel is placed. 

“If steel forms are used, they must be made of metal of sufficient 
gage to withstand knocks, so as not to become dented If of large 
size they shall be constructed with stiffeners to prevent bending. 
When reused they must be thoroughly cleaned and oiled before 
concrete shall again be placed against them. 

“If railing forms are constructed of lumber, the best results will 
be obtained by using tongue and groove flooring for sheeting and 
other lumber cut to size with a minimum of joints and treated 
with white shellac. Bolts are preferable, as wired forms are too 
flexible and diflucult to tighten in the thin section. The railing 
forms shall be set true to line and grade by using transit and level. 

“Section 5. Reinforcing Steel.—The placing of the reinforce¬ 
ment is a very important detail of the concrete structure. The 
success of the structure depends upon the reinforced members. 
The resident engineer shall see that the steel is furnished according to 
spedfleations, that none is placed unless absolutely clean, that the 
spacing in all cases is correct, that all bars are tied at intersections 
(with figtire-eight ties), adequately supported by concrete blocks 
or other acceptable means and that there is sufficient space 
between the steel and surface of concrete to give full protection to 
the steel. 

“Laps are to be made only where shown on the plans unless 
authorized by the bridge engineer or his assistant and when made 
shall be not less than 40 diameters. At laps the steel shall be so 
located that there will be at least 2 ” of concrete around each bar. 
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‘‘Extreme care shall be exercised during placing of concrete to see 
that the steel does not become misplaced. The bars should be 
joggled to insure a good bond. 

‘‘If for any reason concrete becomes dried on the bars before they 
are covered, it shall be removed by scraping and not by hammering 
the bars. 

“Section 6. Concrete, (a) Mixing (see specifications and 
item 7 on page 39 of the Construction Department Manual).— 
When starting the placement of concrete the rock may be reduced 
in the first few batches until the mixer has become thoroughly 
coated with cement in order to insure the workability of the 
concrete. 

“(6) Placing (see specifications).—It is of the utmost importance 
that concrete be properly placed and, in order to secure the required 
results, the resident engineers must give this close and minute 
attention. 

“The plans will contain a diagram showing the successive loca¬ 
tions of concrete placement. The contractor shall equip the work 
in such a way that this can be followed. If it is necessary to make 
joints in the concrete, they shall be horizontal in piers and abut¬ 
ments, except in abutments for arch spans when they shall be 
made at right angles to the resultant line of thrusts. If joints are 
made, they shall be securely bonded by stepping, notching or by 
use of dowels or other acceptable means. Joints will not be per¬ 
mitted in girder spans except as shown on the plans, unless autnor- 
ized by the bridge engineer (see plates 355 and 356). 

CONSTRUCTION JOINTS 

Mass Concrete.—Construction joints in mass concrete abut¬ 
ments, wdngs and walls are often necessary and there is no objection 
to their use. The concrete is brought up in horizontal layers 
6" to 8" thick to permit proper placing and spading. At the end of 
the days’ work a key or dowel joint is provided. Dowel joints by 
means of vertical steel beams or rails as shown in Fig. 353 are the 
most convenient method and are usually adopted utilizing old steel 
from the old bridge but key joints similar to Fig. 354, page 1352, are 
entirely satisfactory. These key joints should be approximately 
9" to 12" deep and have a top area of approximately 30% of the 
total area to be bonded. 

Slab decks should be constructed full depth for the entire span 
at one operation and if there is any doubt of being able to accom¬ 
plish this they should be laid in strips parallel to the span and each 
strip completed. There is no objection to laying in a series of 
strips. If a breakdown makes it necessary to stop work and it is 
impossible to finish by hand mixing methods put in a header per¬ 
pendicular to the axis of the slab and provide corrugated key 
projections of at least 30% of the section area as shown in Fig. 356. 
These joints should be located at points of least shear (near center 
of span). 

Aich rings are handled in the same manner as slabs except that 
work is started at both abutments working towards the crown to 
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keep a symmetrical load on the center and prevent distortion. It is 
common practice to lay arch rings in strips but intermediate joints 



Fig. 35$. —Order of placing concrete. 


are to be avoided if possible; when necessary they should be perpen¬ 
dicular to the arch ring radius and can be placed at any location 
adthout much danger 01 weakness. 







BRIDGES 


Girders are handled in the same manner as slabs except that they 
must not be constructed in strips. 
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tinuous pour even if double shifts are required. The inspector 
should have in mind that for T-beam construction, Fig. 73, page 252, 
the floor slab is part of the beam and concrete must be poured full 
depth, both beam and slab being carried forward in one operation. 
The best method of pouring a T-beam structure is to start at one 
side of the bridge, pour one beam and slab complete and then work 
across the bridge completing each beam and slab one at a time. 
In case a break down forces a joint the best location is in the floor 
slab parallel and midway between two beams. 

^‘Concrete shall not be placed in the curb and railing until the 
falsework has been removed, except in the case of through girder 
spans w’hen the girder and curb shall be placed monolithically. 
The curb and railing shall be constructed separately. The utmost 
care shall be exercised to keep the forms in good alignment. 

“E.xcept in cases of necessity, no concrete shall be placed under 
water and at no time will it be permissible to place concrete in 
running water. When concrete is placed under water, it shall be 
by means of a tremie, bottom-dump bucket or other method 
equally as good, and acceptable to the bridge engineer. The 
concrete shall be of such consistency that it will flow and not 
separate when deposited under the water; if it is too dry or too 
wet it will separate with a resulting poor concrete. 

Concrete shall be placed in successive layers in all portions of 
the work except the deck. As each layer is placed, it shall be 
thoroughly roaded and worked into a compact mass. In hi^h 
forms care shall be exercised to see that the placing is not so rapid 
as to permit sufficient pressure to accumulate as to cause bulging 
of the forms. Care shall be exercised to see that all bolts or wires 
are tight at all times. 

*‘In piers, abutments, or other large masses the concrete can be 
spaded very satisfactorily with a square-point shovel, but in smaller 
sections it will be necessary to have special tools. 

‘‘When boulders (plum rocks) are placed in mass concrete, they 
shall be placed in suen a manner as to insure their being thoroughly 
imbedded with no air pockets around them and not less than 6^' 
of concrete on all sides (see specifications). 

“When placing concrete in girders or beams, the first layer shall 
be just sufficient to cover the steel and shall start at one end and 
be carried continuously along the full length of the girders before 
the second layer is started. The succeeding layers shall be of 
proper thickness to permit proper working of the concrete. While 
placing of concrete is in progress and before it has taken the initial 
set, the forms shall be nammered on the outside with a wooden 
mallet or hammer to insure the mortar being brought to the surface. 

“When placing concrete in the deck, it shall be started at one end, 
brought up to grade, and carried forward in one operation. The 
surface and grade shall be obtained either by using screeds set to 
grade or by means of a template cut to the proper crown and 
operated on the side forms. The surface shall then be smoothed 
longitudinally with a wooden float, operated with a combined 
longitudinal and transverse motion to plane off the high places and 
bring the low places up to grade. After this has been accomplished. 
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a smooth surface shall be obtained by finishing with a belt, hose, 
float or other acceptable method. It is essential that a smooth- 
riding surface be obtained so that impact will be reduced to a 
minimum. 

“Where angle irons are placed at points, extreme care shall be 
exercised to see that they fit true to grade, are not tipped, and are 
securely fastened before the placement of concrete is commenced. 
During the placing of concrete they shall be carefully watched to 
see that they are not knocked out of position. It is preferable to 
have angles Jg" below grade. 

“The placing of concrete in the curbs and railing shall be carried 
up in layers, and after a layer has been spaded and worked suffici¬ 
ently”, it shall not be disturbed in spading the succeeding layers, 
for in doing so air pockets will be formed on the surface with a 
resulting poor finish. 

“(c) Finishing (see specifications).—A good finished appearance 
is essential at all times. Good finish depends upon good lormwork, 
care in placing, removal of forms as soon as possible, and care in 
finishing by experienced labor. 

“At all corners where possible, such as at construction joints and 
open tops of forms, an edging tool of proper radius shall be used to 
round tne corners. Corners that cannot be treated in this manner 
shall be chamfered, either by nailing a fillet of the required dimen¬ 
sions, to the forms, or by beveling the corners of the forms 

“Excellent results will be obtained by finishing in two operations, 
namely, “first rub” and “second rub.” 

“The “first rub” is a surface treatment of imperfections that are 
present upon removal of forms, such as form marks, bolt holes, 
protruding tie wires, etc., and must be made immediately upon 
removal of forms—usually done within 24 to 48 hr. after concrete 
is placed, on vertical surfaces that are not supporting members. A 
mortar composed of i part cement to 3 parts sand (screened 
through a 14- or 16-mesh screen) is applied to the entire surface, 
after removing any fins or projections, while the concrete is green 
so that it will become an integral part of the surface. Care shall 
be exercised that the mixture is not too rich so that checking of the 
surface will be prevented. 

“The “second rub” can best be done as the last operation when 
all other work on the structure is completed, the w’orkman to start 
at the top and work down, the treatment to consist of the applica¬ 
tion of water and very thorough rubbing with carborundum stones. 

“The quality of the finish obtained depends upon the skill of the 
workmen, as in both “first” and “second” rub, hard work, proper 
supervision, and particular care must be exercised to leave the 
surface without showing lines where work started and stopped. 

“Mechanical means of surfacing may be employed if the results 
obtained are of the same quality as the foregoing. 

“If dark cement is used in the railings, a small amount of hydrated 
lime should be added to the mixture to make a lighter color in this 
portion of the structure. 

**(d) Curing (see specifications).—Where possible the curing of 
concrete shall he done by covering the surface with earth and 
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dyking or flooding with water. In places where this method is 
not possible, the concrete shall be kept wet by sprinkling or covering 
with burlap that is kept well dampened the required length of time. 
The resident engineer shall insist upon proper curing. The strength 
of structures will be greatly affected by the curing and may be 
reduced as much as 30% if this work is not properly done. With 
this in view steps shall be taken to cure the concrete as soon as 
possible after it is in place. 

“Section 7. Waterproofing and Repair of Concrete Structures. 

(a) Necessity for Waterproofing. —Where structures are subjected 
to action from salt air and salt water or alkali, it is important that 
the concrete be as impervious as possible. If there is any porosity, 
the salt water and alkali will attack the concrete, and if there is 
steel within reach, it will corrode. When steel corrodes, it expands, 
destroying the bond and cracking the covering concrete. 

“ (6) Waterproofing New Structures. —The best method of prevent¬ 
ing this destructive action is by obtaining a dense concrete when 
the structure is constructed. In order to obtain a dense concrete, 
the utmost care and attention must be exercised. 

‘‘There are certain rules and practice to be followed as given below: 

1. Use of dense, rich concrete, not less than 6 sacks of cement per cu. yd. 

2. From 2' below low water to 2' above hish water 7 sacks of cement per 
cu. yd. shall preferably be used. 

3. Concrete to be deposited in dry when possible. 

4. Avoid contact of salt water with the concrete for at least 4 days after 
placing (seep. 1530). 

5. Use ot strong, sound aggregates. 

6. Avoidance of beach sands. 

7. Fresh water to be used in mixing concrete. A minimum of water to be 
used at all times. 

8. Only concrete block chairs to be used for supporting reinforcing steel. 

9. Reinforcing steel to be well imbedded in the concrete. 

10. Construction joints to be reduced to a minimum number. 

11. Concrete to be spaded and tamped thoroughly to produce a uniff)rm 
skin surface. 

12. Oiled or treated forms. 

13. Concrete to be mixed not less than 2 min. 

*\c) Repairing Old Structures. —The best method of repairing a 
reinforced-concrete structure that has been affected by the action 
of salt water or alkali is to remove loose concrete and recover the 
reinforcing steel with concrete. Small repairs can be made by 
hand methods but where any quantity of repairing is to be done one 
of the best methods is to apply gunnite. 

“Section 8. Pile Driving, (a) Materials. — For details of 
materials for all classes of piling, see specifications. 

“(6) Limitation of Use. —In general, the penetration for any 
pile shall be not less than 10' in hard material and not less than 
one-third the length of the pile nor less than 20' in soft material. 

“For foundation work, no piling shall be used to penetrate a very 
soft upper stratum overlying a hard stratum unless the piles 
penetrate the hard material a sufficient distance rigidly to fix the 
ends. 

“(c) Caps. —The heads of all concrete piles, and the heads of 
timber piles when the nature of the driving is such as unduly to 
injure them, shall be protected by caps of approved design, prefer- 
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ably having a rope or other suitable cushion next to the pile head 
and fitting into a casting which in turn supp>orts a timber shock 
block. When the area of the head of any timber pile is greater 
than that of the face of the hammer, a suitable cap shall be pro¬ 
vided to distribute the blow of the hammer throughout the cross- 



Fig. 357.—Pile splices. 


section of the pile and thus avoid, as far as possible, the tendency 
to split or shatter the pile. 

“(d) Splicing Timber Piles .—Piles shall not be spliced except by 
the permission of the bridge engineer. 

“ («) Methods of Driving .—Timber piles shall be driven with a drop 
hammer, steam hammer, water jets, or a combination of water jet 
and hammer. Concrete piles shall not be driven without the 
combination of steam hammer and jet except by permission of the 
bridge engineer. Two jets shall preferably be used to eliminate 
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the possibility of the pile crawling. If satisfactoty to the bridge 
engineer, concrete piles may be used, cast with a pipe through the 
center. The final penetration shall be secured without the aid of 
the jet. 



Fig. 358.—Pile shoes. 


“When gravity hammers are used, they shall weigh not less than 
3000 lb. and the fall shall be so regulated as to avoid injury to the 
pile and in no case shall exceed 15 . 

“When the penetration is or less per blow, driving shall be 
stopped, as such penetration shall be considered refusal 

‘ Steam hammers shall develop an energy per blow of not less than 
12,000 ft.-lb. 
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“The leads shall be so guyed or braced as to hold the pile in posi¬ 
tion during the entire process of driving. Extension leads are 
preferred, but the use of a follower will be permitted when neces¬ 
sary. A submarine hammer may be used where piles are driven 
under water, but they must be of such length that when cut off 
there will be a sound, clean head. 

“There shall be a variation of not more than Ya!* per foot from the 
vertical or batter line indicated. 



Fig. 359.—Pile caps. 

“In some instances loading tests may be necessary to determine 
the bearing value of piles. More generally, however, the following 
formulas shall be used to determine bearing values: 

P = —for drop hammers 
5 -f- i.o 

2WU 

p = —;-for single-acting steam hammers 

5 + 0.1 

pi = for double-acting steam hammers 

5 + 0.1 

where P = safe bearing power in pounds. 

W = weight in pounds of striking parts of hammer 
H =» height of fall in feet or length of stroke. 

A « area of piston in square inches. 
p *= steam pressure in pounds per square inch. 

5 « The average penetration in inches per blow for the 

last 5 to 10 blows for gravity hammers and the last 10 
to 20 blows for steam hammers. 

} Author’s Note.—F ormula page 1340 using maker’s speed of blow in dete^ 
mining E is more reliable than the use of steam pressure area and stroke. 


for double-acting steam hammers 
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“The above formulas are applicable only when 
“a. The hammer has a free fall. 

The head of the pile is free from broomed or crushed wood 

fiber. 

“c. The penetration is at a reasonably quick and uniform rate, 
“d. There is no perceptible bounce after the blow. Twice the 
height of the bounce shall be deducted from H to determine its 
true value in the formula. 



Typical precast concrete pile 
Ordinary strength up to 30'. 


“In case water jets are used in connection with the driving, the 
bearing power shall be determined by the above formulas from the 
results of driving after the jets have been withdrawn, or a load test 
may be applied. 

“When required, by the bridge engineer, test piles shall be driven 
of a length and at the location designated. These piles shall be of 
greater length than the length assumed in the design in order to 
provide for any variation in soil conditions. 

“After prop)er penetration is determined by driving test piles, 
the resident engineer shall furnish the contractor with an itemized 
list showing the number and length of all piles, and the contractor 
shall furnish piles in accordance with such itemized list. 
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“The storage of piles in all cases shall be such as to avoid injury 
to the pile. If the surface of treated piles is bruised, it shaU be 
retreated in an acceptable manner. 

“The tops of all piling shall be sawed to a true plane as shown on 
the plans and at the elevation so indicated. Piles which support 
timber caps or grillage work shall be sawed to the exact plane of the 
superimposed structure and shall exactly fit it. Foundation piles 
shall be cut off at staggered elevations so that cleavage planes shall 
be avoided. Broken, split or misplaced piles shall be withdrawn 
and properly replaced. Also, those driven below cut-off grade 
fixed by the engineer shall be withdrawn and replaced by new and 
if necessary, longer piles at the expense of the contractor. All 
piles raised during the process of driving the adjacent piles shall 
be driven down again. ^ 

“(/) Concrete Piles .^—In general the same rules that apply to 
other concrete shall govern the mixing and placing of precast 
ccmcrcte piles. The casting platform shall be so constructed that 
it is absolutely level and so there shall be no settlement when the 
load of concrete is applied. 

“The forms shall be of the same standard as required for other 
classes of concrete work and of sufficient stability to prevent warp¬ 
ing, tipping out of line, or bending. They shall be so constructed 
that removal can be made within 48 hr. without moving the pile. 
As soon as the forms are removed, the surface shall be treated in 
the same manner as specified for other concrete surface treatment. 
'They shall also be cured in the same manner. They shall not be 
moved until the 28 days have elapsed and in case of piles to be 
driven in salt water preferably not before 60 days. 

“In handling piles, care shall be taken not to bruise the surface 
or break the corners. Piles shall be handled by means of a sling 
or other acceptable method to prevent undue stresses with resulting 
rupture of the pile. If they are cracked or damaged in handling so 
as to be unfit for use, it will be cause for rejection and all such 
piles shall be replaced by the contractor at his expense. 

“It is preferred that piles be cast full length of the reinforcement 
and cut off to the required height, but if this is not done, the con¬ 
tractor shall protect the projecting steel during driving. 

“The reinforcing steel shall have a cover of not less than 2“ and 
where piles are subject to the action of salt air and water a minimum 
cover of y' shall be obtained. 

“In driving piles for concrete bents, a pod method to follow is 
first to drive the vertical piles and to provide a guide for the batter 
piles by bolting two large timbers alongside the vertical piles. 
This will help to keep all the piles in line. 

“(5) Sheet Piling .—These rules apply only to such sheet piling as 
may be specified in the contract and not to methods which the 
contractor may employ in the prosecution of the work. 

i Author's Note. —Figure of typical concrete pile based on 1% to 
longitudinal reinforcement with looping as shown. This pile is a safe design 
for 20 to 30 ton load up to about 30 ft. total length. For special heavy loads 
and extreme lengths see Jacoby and Davis Foundations for Design of Precast 
Piles. 
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*‘The type and quality of piles used shall be as specihed and shall 
be driven to the required elevation. 

‘‘They shall be driven in approximately the same manner as 
sp)ecified for other piles but shall be drift sharpened so that adjacent 
piles shall be wedged tightly together. They shall be braced 
securely by means of waling strips either on the inside or on the 
outside as conditions require. The wales shall be of one length 
where possible. If splices are necessary they shall be made with 
timber of the same section as the wale itself and securely bolted. 
The sheet piles shall be bolted to the wales sufficiently to give 
stability. 

STEEL STRUCTURES^ 

“Section i. Shop Inspection.—All important steel structures 
are usually inspected at the shops, but whether shop inspection 
has been made or not, work which does not conform to the specifi¬ 
cations and to recognized good practice shall be rejected by the 
resident engineer. 

“Section 2. Unloading and Storage.—When the steel arrives at 
the site of the work, the resident engineer shall see that it is 
unloaded in such a way as to avoid bending of plates or members or 
unduly marring the shop paint. The steel shall be placed in a 
protected place upon a substantial raised platform. It shall be 

C iled in such a way that it will not topple over or the steel be bent 
y an excess weight upon it. 

“Any material bent in shipping shall be straightened cold. If 
it is so badly bent that this cannot be done, it shall be rejected. 

“Section 3, Falsework.—Before any steel is erected, the false¬ 
work shall be carefully inspected by the resident engineer. lie 
shall see that camber blocks are set to the proper grades and 
alimment and that they are maintained until the span is swung 
“Section 4. Anchor Bolts.—The resident engineer shall see that 
the anchor-bolt holes are drilled in the correct location and per¬ 
pendicular to the plane of the bridge scat. Great care shall be 
exercised to see that anchor bolts are set in exact position and 
securely grouted into place. Expansion ends of trusses must be 
free to move longitudinally under change of temperature but they 
should be anchored against lifting or moving sidewise. To accom¬ 
plish this, the nuts on the anchor bolts should be brought down to 
aUow a slight clearance between the nut and the shoe. Masonry 
plates should be grouted in such a manner as to insure perfect 
bearing over the entire surface of the plate and they must be level 
and to exact elevation. 

“Section 5. Erection.—Segmental rollers should be set to the 
exact angle shown on the plans. When the span is swung and the 
floor is completed, the rollers will stand vertical at the average 
temperature. If the angle of inclination is not shown, the attention 
of the bridge engineer should be called to the fact. In assembling 
steel, the resident engineer shall see that proper care is observed to 
avoid injury or damage to the various parts. Excessive hammering 

t 8m alio pp. 1533 to 1566. 



BRIDGES 


1369 


which may distort the metal shall not be permitted. All parts 
shall be placed in accordance with the erection diagram of 
working drawings. Reamed connections which have been match 
marked in the shop should be erected in accordance with those 
marks. 

**Drifting which would distort the metal shall not be permitted. 
Should holes be poorly matched, they should be reamed to such 
size as will give a true hole throughout and larger rivets driven. 
In all cases, the resident engineer shall see that the prop>er sequence 
is observed in riveting in order that all rivets may be driven. 
Before permitting riveting, all members shall be accurately and 
firmly bolted up and all burred edges should be removed so that 
all parts arc in close contact. At least 25% of the holes shall be 
bolted. 

“The resident engineer shall check the sizes of all members, see 
that all joints, shown on the plans as milled, are brought to perfect 
bearing, that all loose fillers and pin packing or ring fillers are 
placed as shown. 

“Section 6. Riveting.—All field riveting shall be done with 
pneumatic hammers. The resident engineer shall check rivets 
as to length as per standard specifications. Rivets shall be heated 
uniformly to a light cherry-red color and be at that color when 
inserted in the holes for driving. The heating of the points of 
rivets more than the remainder shall not be permitted. When 
ready for driving they should be free from slag, scale, and other 
adhering matter and when driven they should completely fill the 
holes. Burned, burred or otherwise defective rivets and rivets 
which throw off sparks when taken from the forge shall not be 
driven. Rivets whose heads are pitted from burning shall be 
rejected. 

“There have been times when as many as 25 % of rivets that have 
been placed on the job have had to be removed. To prevent this, 
the resident engineer shall inform the contractor in advance that 
only such riveting as is of the best quality and workmanship will 
be accepted and that other than perfect rivets will have to be 
removed and replaced. No recupping or calking will be allowed. 
Loose, burned, badly formed or otherwise defective rivets shall be 
cut out. All rivets shall be required to have full heads and line 
up with rows in which they are driven. 

“In cutting out defective rivets, care shall be taken not to injure 
the adjacent metal and if necessary the resident engineer shall 
require the rivet shanks to be removed by drilling. Should injury 
be evident, the contractor shall be required to ream the holes 
until the injured metal is removed and drive larger rivets. Should 
the injury be of such extent that removing up to J-i" larger than 
original diameter of the holes will not remove the injured metal, 
a new member or part of member will be required. 

“Section 7 . Concrete Floors. —Concrete floors on steel trusses 
shall not be placed until after the falsework has been removed and 
the span swung into place. In placing the concrete in the slab, the 
order as shown on the plans should be followed. If there is no 
order of concrete placement shown on the plans, the attention of 
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the bridge engineer shall be called to the fact and he will give 
instructions. 

“It is always safe to begin at the center of the span and work in 
both directions. 

“The resident engineer shall see that counters are properly 
adjusted, that the turnbuckles are so adjusted that they have the 
same number of turns in the barrel of the turnbuckles. Counters 
should be left loose until the span is swung. They should then 
be tightened sufficiently to take out any slack which exists in the 
member but only tightened to the ix>int where they will take stress. 
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SPECIFICATIONS 

The following clauses quoted from various sources are examples of 
current practice. They are not ideal but serve to show the points 
to be considered, and have been included to give condensed author- 
itivc descriptions of construction operations. If the reader is 
Ijreparing specifications he can obtain the most up-to-date ideas 
from the U. S. Bureau of Roads and the American Association of 
Highway Ofi'icials, who have prepared standard specifications cover¬ 
ing all clauses of road and bridge work. 

specification should be complete, concise, and clear as to the 
materials, manipulation, and basis of measurement and payment. 
In preparing a specification it is convenient to have a general out¬ 
line of points to be covered. Such an outline has been prepared by 
the U. S. Office of Public Roads to serve as a uniform basis for 
specifications for federal aid and is reproduced below. It is in the 
author’s o[)inion a very good reminder of necessary requirements. 

The usual size of page used for highway specifications is approxi¬ 
mately by ii"; this is an unwieldy size for field use; a size of 
6 by 9" is much handier and is about the smallest dimension feasible 
on account of space required on the proposal bidding blanks. 
Where much work is being done, the specifications proper can be 
printed in pocket form 4J4 by 63^2^' and the proposal, contract, and 
bond separately on the usual 8^^ by ii" size. This makes a con¬ 
venient combination for both the field men and for office filing of 
contract records. 

Repetitions should be avoided. Segregating the requirements for 
materials in one part of the specification will prevent repetitions. 
Blanks to be filled out by hand are undesirable and should be 
reduced to a minimum. Loose-leaf specifications are poor prac¬ 
tice. Printed bidding sheets containing the estimate quantities 
of work reduce possible complications in connection with com¬ 
paring bids. 

No attempt is made in this book to discuss methods of bidding 
or the legal forms of contract, as they must conform to local 
statutes. 

STANDARD OUTLINE OF ROAD AND BRIDGE SPECIFICATIONS 
Proposed as Standards of Practice U. S. Bureau of Public Roads (xpas) 

Note. —General headings and subheadings appear in the outline in the 
order and form in which, it is proposed, they should be used in Standard 
Specifications; each of these subheadings should cover pertinent subject 
matter, treated in the form and arrangement indicated. Subject matter to 

1371 
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b« dealt with under each item and subheading is briefed, where not otherwise 
clear and self-evident. To promote succinctness, as well as uniformity, the 
selected typical phraseology appearing in this outline is suggested as standard. 
It is not the intent that all subjects here outlined be covered in a state 
Standard Specification, if not involved in the work contemplated by a state, 
or required by law, but such heading, items, subheadings, and subject matter 
as are involved in a specification should ai^pear in the order and form indi¬ 
cated in this outline. Such additional items, or general subjects with 
suitable headings, as are desired should be inserted in their logical position 
in the outline. Such additional clauses or incidental paragraphs as are 
desired should be placed following those shown in the item or article to which 
they pertain. 

Title Page or Cover for Specifications, Etc. 

Note. —The name of the state should appear at the top of the title page 
in bold-faced caps. 

Definitions and Terms 

Definition of State. f>tate Highway Department, or Commission, Engineer, - 
Contractor, and all words or terras used in a special sense. 

Proposal Requirements and Conditions 

Contents of Proposal Forms.— Location and description of project, 
approximate estimate with schedule of items for which bid prices are invited, 
special provisions, date, time, and place of opening. 

Interpretation of Estimates. —Basis for comparing bids; statement regard¬ 
ing right of engineer to increase or decrease quantities shown in proposal. 
Actual quantities to be paid for at unit prices. 

Examination of Plans, Specifications, Special Provisions, and Site of Work. 

Preparation of Proposal. —Requirement that proposal must be filled out 
completely. S^cific requirements as to signatures. 

Rejection of l^oposals Containing Alterations, Erasures, or Irregularities. 

Proposal Guaranty. —Form and amount required—if certified check, to 
whom payable. 

Delivery of Proposals. 

Withdrawal of ProTOsals. 

Public Opening of throposals. 

Disqualification of Bidders. —Because of submission of more than one 
proposal, collusion, unbalanced proposals, lack of competency, 

Cfompetency of Bidders,— Criteria as desired by state. 

Material Guaranty. —Showing by bidder of material sources and manu¬ 
facture. and samples for approval may be required previous to award of 
contract 

Any Additional Clauses Desired. 

Award and Execution of Contract 

Consideration of Bids.— ;;-Comparison of bids based on correct summation 
of items at prices bid. Right to reject any and all proposals and to waive 
technicalities. 

Award of Contract. —By whom, place, to whom, and when made. 

Return of Proposal Guaranties.— How and when returned. 

Requirement of Contract Bond. —Reference to form furnished by state 
and to the amount, or to percentage of amount of contract required. 

Execution of Contract. —Time and place. 

Approval of Contract. —Reference to such formal approval as state or local 
laws require. 

Failure to Ezeente Contract.—After certain period, cause for annulment; 
guaranty becomes property of state. Statement as to procedure with work. 

Any Additional Clauses Desired. 

Scope of Work 

Intent of Plans and Specifications.—Statement that the intent is to pre¬ 
scribe a complete work or improvement which the contractor undertakes to 
do,^ in full compliance with tne plans, these specifications, the special pro¬ 
visions, proposal and contract, including all earthwork, base and surface 
cour^, structures, and incidental construction. Contractor to furnish all 
required materials, equipment, tools, labor, and incidentals unless in certain 
cases otherwise providea in these specifications, the special provisions, pro¬ 
posal, or contract. 
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Special Work.—Statement that proposed construction or requirements not 
covered by these specifications to be covered by special provisions, and 
performed by contractor. 

Increased or Decreased Quantities of Work.—Engineer reserves n^ht to 
alter quantities of work as found necessary or desirable without waiving or 
invalMating any condition or provision of contract. Contractor to perform 
work as increased or decreased, and no allowance to be made for anticipated 
profits. 

Extra Work.—Unforeseen work made necessary by alteration of plans or 
of work or by other reason, involving increased or decreased unit cost to 
contractor, or work necessary to complete improvement for which no price is 
provided in contract, all to be performed in accordance with specifications 
and as directed. 

Maintenance of Detours.—Statement indicating party responsible for, and 
charged with, roadway upkeep along detours during construction period. 

Removal and Disposal of Structures and Obstructions.—All obstructions, 
structures not designated for use, obstructing fences, telephone poles, etc., 
to be disposed of by the contractor as directed. 

Rights in and Use of Materials Found on the Work.—Upon approval, 
contractor may m.akc use of any material found in earthwork operations, for 
any purpo‘^0 tor which it is suitable; when material so made use of was 
intended for use in embankment or otherwise, contractor to replace with 
equivalent quantity of material suitable for embankment. 

Final Clearing l^. 

Any Additional Clauses Desired. 

Control of the Work 

Authority of Engineer. —All work to be done under direct supervision of the 
engineer, who shall decide all questions as to interpretation, materials, work, 
progress, disputes, and mutual rights between contractors, acceptable fulfil¬ 
ment, and compensation. 

Plans and Working Drawings.—Statement that plans will show in deUil 
structures up to and including 20' spans, lines, grades, typical cross-section 
of improvement, and general cro.ss-scctions; plans also will show general 
features of bridges (over 20' span). Supplementary bridge plans, shop 
details, etc., as necessary to be furnished by contractor but not to be used 
prior to approval. Authorized alterations will be indorsed on approved 
plans or shown on supplementary sheets. Additional details relative to 
working drawings. 

Conformity with Plans and Allowable Deviations.—Statement that finished 
work in all cases must conform with approved lines, grades, typical cross- 
section, and general cross-sections, except minor deviations authorized by 
engineer in writing. 

Coordination of Specifications, Plans, and Special Provisions.—Statement 
that a requirement in any one of the three is binding. In case of discrepancy, 
figures to govern over sealed dimensions, plans over specifications, special 
provisions over plans. 

Cooperation by Contractor.—Two sets of approved plans, specifications 
and special provisions, and authorized alterations supplied to contractor; 
one set must be kept available on work. English-speaking contractor’s 
representative to be available to receive and execute orders. Contractor to 
avoid interference with other contractors. 

Construction Stakes. —;Fumished and set up by engineer to giv^e line and 
grade; contractor to furnish all additional stakes, templets, and other niate- 
rials and work necessary for marking and maintaining points and lines. 
Finished surfaces to conform in all respects to lines, grades, and plans. 

Authority and Duties of Inspectors.—Inspectors employed by state to 
inspect all work and material and report to engineer; and to note and sus¬ 
pend, if necessary, unsatisfactory work and reject work containing unsatis¬ 
factory materials, all pending final decision by engineer. Not authorized to 
alter specifications, nor accept any portion of work, nor act as foreman for 
contractor, nor interfere with management of work, nor to bind engineer in 
any way. 

Inipectioil. —Contractors to furnish engineer and inspector with every 
facility for complete inspection of work and of the preparation and manu¬ 
facture of the materials, also to uncover questioned work if ordered; detailed 
procedure in such cases. 

Removal of Defective and Unauthorized Work. —Defective work to be 
remedied or removed and replaced forthwith as directed, at contractor's 
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expense. Unauthorized work to be removed if so ordered. Or engineer 
may replace and charge against contractor. 

Final Inspection.—To be made within certain period subsequent to final 
cleaning up following completion of project. 

Any Additional Clauses Desired. 

Control of Material 

Source of Supply and Quality.—Statement that only approved materials 
conforming to requirements shall be used. Approved source of supply to 
stand approved only so long as the material contorms to requirements. 

Samples and Tests. —Prescribed samples to be submitted bv contractor 
or producer for testing. Tests to be made in accordance with U. S. Depart¬ 
ment of Agriculture Bulletin i2i(> (or other recognized methods if desired). 
Contractor to furnish facilities for veritication of his scales and measures. 

Storage. —Preservation and fitness to be assured. 

Defective Materials. —Materials not conforming to requirements shall 
be rejected and removed from w’ork. ami replaced in an acceptable manner 
by contractor at his expense. Engineer may remove and charge against 
contractor. 

Any Additional Clauses Desired. 

Legal Relations and Responsibility to Public 

Laws to Be Observed. —Federal, state, and local; to save the state harmless 
against all claims from violations. 

Permits and Licenses. —Contractor to procure. 

Patented Devices, Materials and Processes. 

Restoration of Surfaces Opened by Permit.—Contractor not to allow 
openings except on authorized permit. Repair work involvecl to be per¬ 
formed by contractor at e.^iensc of party making opening. 

Federal Participation.—Contractor placed on notice that the work is to be 
subject to inspection by the federal g<n'enimcnt, which is not. however, a 
party to the contract. 

Sanitary Provisions. —Contractor to comjjly with Board of Health 
ret^irements. 

I^blic Convenience and Safety, —Comprehensive regulations and instruc¬ 
tions relative to handling the work to assure uninti'mipted convenience and 
safety to traffic and the public along or near the work. If desired, detail 
here maintenance of half the roadway for traffic during construction. No 
road to be closed to public except by express ptrmission of the engineer. 

Barricades and Warning Signs. —Contractor to provide; to be illuminated 
at night. 

Use of Explosives. 

Protection and Restoration of Property. —Contractor not to trespass upon, 
damage, or neglect the rights of public or private property; to take pre¬ 
cautions to protect same, also undcrgrouncl structures, monuments, and 
trees; to restore at own expiensc where, directly or indirectly, is responsible 
for injury occurring; or upon notice engineer may cause such restoration and 
charge against moneys due or to become due contractor. 

Responsibility for Damage Claims. —Contractor to assume when brought 
in suits for any damage, injury, or infringement resulting from his work or 
neglect; engineer may retain, sufficient to cover, moneys due, or to become 
due, contractor. 

Opening of Section of Highway to Traffic. —At option of engineer; but 
such opening not an acceptance, and maintenance to be at contractor's 
expense unless otherwise specifically provided. 

Contractor’s Responsibility for Work.—Does not cease until final accept¬ 
ance by engineer in writing. Responsibility covers all injury to work from 
elementa and traffic unless otherwise provided. Contractor to repair same, 
also to r.are for materials and unfinished work during suspension. 

Personal Liability of Public Officials. 

Ho Waiver of Legal Rights. 

Any Additional Clauses Desired. 

Prosecution and Progress 
Subletting or Assignment of Contract. 

Prosecution of Work. —Notice of beginning. Place of starting determined 
by engniear. Prosecuted at points as ordered. ^ When resuming work 
subseauent to suspension, contractor to give due notice to engineer to afford 
opportunity to reestablish inspectiou. 
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Limitations of Operation.-— Contractor not to open up work to the prej¬ 
udice of work already started or to inconvenience traffic more than is 
necessary as determined by the engineer. 

Character of Workmen and Eouipment. 

Temporary Suspension of Work. —Wholly or in part, at order of engineer, 
because of unfavorable weather, or other essential conditions; or because of 
failure on the part of the contractor to prosecute the work properly in 
accordance with the contract, to carry out orders, to remove ciefective 
material or work; but the contractor shall not suspend the work without 
authority. 

Determination and Extension of Contract Time for Completion. 

Failure to Complete Work on Time. 

Annulment of Contract. —Detailed causes, procedure, and retent. 

Termination of Contractor’s Responsibility. —Contract to be considered 
complete when all work has been completed and accepted by engineer and 
final estimate paid; contractor to be then released from further obligation 
except as set forth in his bond. 

Any Additional Clauses Desired. 

Measurement and Payment 

Measurement of Quantities. —All work acceptably completed under the 
contract to be measured by U. S. Standard Measures and quantities of work 
performed to be computed based on such measurements. Linear base 
course, surface course, or pavement measurements to be along actual sur¬ 
faces, not horizontally. Structures to be measured according to neat line 
shown on plan or ordered. 

Scope of Pavement. —Compensation provided, at bid prices, to be accepted 
as full payment for materials, labor, tools, and equipment nccc'^'^ary to 
perform and complete the work, also loss, damage, unforeseen dilTiculties, 
all risks and patent infringements. Before payment contractor to satisfy 
engineer as to liquidation of bills. 

Increased or Decreased Quantities. —Increased or decreased quantities of 
work for which there arc contract unit prices to be paid at such prices for 
the quantities actually done with no allowance for anticipated profits. 
Such restrictive provisions as desired. 

Extra and Force Account Work. —Extra work to be paid either under a 
Supplemental Agreement or by Force Account as agreed before starting 
such work. Supplemental agreement to be signed by both parties. Force 
account to be done only upon written order. Detailed procedure relative 
to force account payment. 

Omitted Items. —Provision that engineer may order items omitted from 
contract, found unnecessary to the improvement without vitiating contract 
with such restrictive provisions as desired. 

Partial Payments. 

Acceptance and Final Payment. 

Any Additional Clauses Desired. 

CONSTRUCTION DETAILS 
Earthwork 

Description. —Earthwork to consist of all clearing and grubbing, roadwav 
and drainage excavation, excavation for structures, embankment, borrow, 
overhaul, suVigrade, shoulder, and subbasc construction, all to be done by 
contractor and paid for in accordance w’ith these specifications. 

Clearing and Grubring 

Description. —Specific requirements. 

Measurement and Payment. 

Roadway and Drainage Excavation 

Description. —This work shall consi.st of . . , giving spiecific list of all 
types ana features of work de.sired to be included—-"‘all in conformity with 
the lines, grades and cross-sections shown on plans.” 

Classification. 

Construction Methods. 

Method of Measurement. —In original position by average end area 
method; measurement of overbreak as desired. 

Basis of Payment. 
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Excavation for Structures 

Description.—Statement of work included. (Not to overlap roadway 
and drainage excavation.) 

Construction Methods.—Depth, back fill, layers, compaction, etc. 

Method of Measurement—Allowance outside of neat structure lines. 

Basis of Payment. 

Embankment 

Construction Methods.—Of suitable material; depth of layers, compaction; 
hillside embankment; responsibility. 

Compensation. —Not to be paid for directly but to be considered part of 
work included in prices bid for excavation and borrow. 

Disposal of Surplus Material 

Statement of requirements. Not to be compensated for directly but to 
be considered part of work included in prices bid for excavation and borrow. 

Borrow 

Description.—To consist of excavation, and disposal as directed, of 
satisfactory material obtained from borrow pits when material not available 
from excavation to complete embankments. 

Construction Methods. —No work prior to staking out; pits to be trimmed 
to permit measurement; to drain where practicable. 

Method of Measurement and Basis of Payment. —In original position by 
average end areas or equivalent method. 

Overhaul 

Method of determination and basis of payment. 

Subgraph 

Description. —After earthwork substantially cornpleted and all drains 
laid, subgrade to be brought to lines, grades, and typical cross-section shown 
on plans. 

(Construction Methods. —Soft and unstable material, also rock to be 
removed; to be refilled with suitable material from excavation and borrow. 
Rolling clauses as desired; superficial scarifying of old stone or gravel 
roadways where reconstructed base course not ordered; highway and railway 
intersections. 

Protection of Subg;rade. —For surface courses; for pavements; no storage 
or stock piling of material; no surfacing material to be placed or pavement 
laid on frozen or muddy subgrade; nor on any subgrade prior to checking and 
approval. 

Compensation. — As desired. 

Shoulders 

Description. —After earthwork substantially completed and all drains 
laid, shoulders to be constructed of approved material, to elevation, width, 
and shape shown on plans, and dressed as directed after surface course or 
pavement is completed. 

Materials and Construction Methods. 

Method of Measurement and Compensation.—As desired. 

Subbase 

Deacription. —Item to consist of special approved material, placed and 
comjMcted in excavations made by removal of soft, unsUble, or other 
unsuitable subgrade materials; to be constructed where specifically ordered. 

Materials. —^Pield or quarry stone, etc.; filler, slag, i^avel. etc. 

Construction Methods.—As desired (usually by cubic yard). 

Finishing Earth-graded Roads 

Description.—Where road to be finished as an carth-waded road without 
surfacing other than earth, after all other earthwork and all structures com¬ 
pleted. roadway to be finished for travel, to lines, grades, and typical cross- 
section shown on plans. 

Construction Mfethods. 

Method of Measurement and Basis of Payment 

Pine Grading Subgrade and Shoulders 

Description.—This work to consist of preparing a previously graded road 
for immediate placement of surface courses or pavements. 
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Construction Methods. 

Method of Measurement and Basis of Payment.—As desired; or may be 
stipulated as included under some other suitable item. 

Base Courses 

Repeat the following outline for each kind of course desired. 

Subgrade Treatment 

Description.—Item to consist of granular or other stabilizing courses 
constructed on the subgrade in accordance with these specifications and 
conforming in all respects with the lines, grades, and typical cross-section 
shown on plans. 

Materials. 

Construction Methods. 

Method of Measurement and Basis of Payment. 

-Base Course 

(Insert name) 

Description.—Item to consist of a foundation course of etc. . . . con¬ 
structed on the subgrade or other completed base course in accordance with 
these specifications, conforming in all respects, etc. (similar to above). 

Materials.—Stone, sand, screenings, binder, etc. 

Construction Methods.—Placing, rolling, etc. ' 

Method of Measurement and Basis of Payment. 

Surface Courses or Pavements 

Surface Treat.ment 

Description.—Indicate number of treatments and gallons to each treat¬ 
ment if paid by square yard; or prescribe “item to consist or consecutive 
treatments or amount and type of material noted on typical cross-section 
on plans." 

Materials. 

Construction Methods. 

Method of Measurement and Basis of Payment. —Preferably by square 
yard. 

-Surface Course (or Pave.ment) 

(Insert name) 

Repeat the following outline for each kind of surfacing or pavement. 
Arrange in order from lower typjcs to higher. Each item should prescribe a 
templet and straight-edge test of finished surface. 

Description. 

Materials. 

Construction Methods. 

Method of Measurement and Basis of Payment. —Details of measurement; 
the accepted quantities of this item thus measured shall be paid for at the 
contract unit prices bid per square yard for (insert exact name), which price, 
except ns otherwise expressly provided, shall be full compensation for 
furnishing, hauling, and placing all materials, and for all labor, equipment, 
tools, and incidentals necessary to complete the item. 

Concrete Bridges 

Descrlption.—Concrete bridges to be built as indicated on plans, 
conforming to line, ^rade, and dimensions shown, and in accordance with the 
specifications for piling, concrete, reinforcing steel, and other items which 
constitute the complete structure. 

MateHals.—Statement that materials shall be those prescribed for the 
several items which constitute the structure, with supplementary require¬ 
ments pertaining to bridges only, as desired. 

^ Construction Methods. —F^rescribe foundation preparation and construc¬ 
tion, falsework, wquence and method of casting, and details peculiar to 
bridge construction. Manipulation and mixing of materials, concrete 
finish protection, etc., should be prescribed under concrete, except such 
retirements peculiar to bridges as arc desired here. 

l>esi|^.—May be detailed as desired here, or reference made to indepen¬ 
dent Bridge Design section. 

Method of Measurement and Basis of Payment. —Statement that the 
bridm will be paid for by the actual quantities of the v^nrious items incorpo¬ 
rated — piling, concrete of the various classes, reinforcing steel, and wearing 
floor Bunace complete in place at the unit prices bid for the several items 
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enumerated, which prices, except as otherwise expressly provided, shall be 
full compensation for all work, materials, labor, and inciciental work neces< 
sary to complete the bridge ready for use. 

Steel Bridges 

Description. 

Materials. 

Construction Methods. 

Design. —May be detailed as desired here, or reference made to independ¬ 
ent Bridge Design section. 

Method of Measurement and Basis of Payment. —Sta^ment that the 
bridge will be paid for by the actual quantities of the various items incor¬ 
porated—piling, concrete, reinforcing steel, structural steel, and wearing 
floors as desired, all complete in place at the unit price bid for the several 
items enumerated, which prices, except as otherwise expressly provided, 
shall be full compensation for all work, materials, labor, and incidental work 
necessary to complete the bridge ready for use. 

Timber Bridges 

Description. 

Materials. 

Construction Methods. 

Desira. —May be detailed as desired here or reference made to independent 
Bridge Desim section. 

Method of Measurement and Basis of Payment. 

Culverts and Retaining Walls 

Description. —All concrete and masonry culverts, all pipe culverts, end 
walls, retaining w'alls to be built as indicated on plans conforming to line, 
grade, and dimensions shown and in accordance with the specifications for 
concrete, reinforcing steel, masonry, culvert pipe of the several varieties, 
and other items which constitute the complete structure. 

Materials.—Statement that materials shall be those prescribed for the 
several items which constitute the structure. 

Construction Methods. —Foundation conditions and involved preparation 
and construction. Pipe culverts to be constructed of the kind of pipe 
indicated, suitably connected and laid. General requirements for mortar 
joints, also for back filling. 

Method of Measurement. —Quantities of various items for payment to be 
actual amounts completed and accepted. Concrete and masonry to be 
computed from neat dimensions shown on plans or ordered in writing, pipe 
to be measured in place. 

Basis of Payment. —Culverts, including pipe culverts and retaining walls, 
to be paid for at contract unit prices bid for the several items which consti¬ 
tute the completed structure, which prices, except as otherwise expressly 
provided, shall be full compensation for all material, labor, equipment, tools, 
and incidentals necessary to complete the structure ready for use. 

Concrete 

Description. —Classification and classified uses, proportions. 

Materiala. —Specify composition and materials for each class. Strength 
and quality requirements. 

Construction Methods. 

Method of Measurement and Basis of Payment. 

Reinforcing Steel 

Description. 

Materials. 

Construction Methods.—Bending and placing. 

Method of Measurement and Basis of Payment. 

Structural Steel 

Description. 

Materiala. 

Construction Methods. 

Method of Measurement and Basis of Payment. 

-Masonry 

(Insert name) 

Repeat for each type. 

Dw^ption. 
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Materials. 

Construction Methods. 

Method of Measurement and Basis of Payment. 

Concrete Pipe 

Repeat for each kind of pipe. 

Description. —Under this item concrete pipe conforming to these specifi¬ 
cations, of the sizes and dimensions shown on the plans, snail be furnished 
and placed as directed. 

Materials. 

Manufacture. 

Method of Measurement and Basis of Payment. 

Cast-iron Pipe, Corrugated Galvanized Metal Pipe, Vitrified Pipe 

Incidental Construction 

Description, material, construction methods, method of measurement, and 
basis of payment to be included under each of the following items. 

Piling, Rip-rap, Cribbing, Underdrains, Gutters, Curbing, Guard Rails, Addi¬ 
tional Items As Desired 

Bridge Design 

If desired, design and design details of bridges may be grouped below, 
and mentioned in Construction Details division by reference only. Such 
cross-reference must be expressly made. 

General Design. —Loads, stresms, substructures and retaining-wall 
assumptifms, etc. 

Concrete Design. 

Structural Steel Design. 

Timber Structure Design. 

Material Details 

Not!£. —If it lx: desired to group all materials in an independent division, 

f roperlics, tests, and re(iuiremenis for all materials should be detailed here. 

n such case the materials must be classified and defined as shown below and 
appropriate cross-reference expressly made to them under the subcaption 
materials appc.'inng in each item of Construction Details. 

Cementing Materials. —Portland cement, hmc, etc. 

Water. 

Fine Aggregate. —Filler dust, sand, grit, etc., for all purposes, including 
all non-bituminous fillers. 

Coarse Aggregate. —Stone, gravel, slag, etc , for all purposes. 

Telford and Quarry Stone, etc. 

Masonry Stone, etc. 

Paving Brick and Blocks. 

Biutmmous Materials. 

Culvert Pipes, Drain Tiles, etc. —Concrete, cast iron, corrugated metal, 
vitrified clay. etc. 

Metal Reinforcement. —Bars, mesh, expanded metal, etc. 

Structural Steel. —Structural shapes, fabricated steel, etc. 

Miscellaneous Iron and Steel. —Castings, special wrought work, etc. 

Treated Timbers. 

Untreated Timbers. 

Paints, Oils, etc. 

Monuments. 

Miscellaneous Materials. —Fencing wire, cables, pipe rail, etc. 

Forms 

NoTK.-yDocuments which pertain to the individual project and which 
from their nature require filling out. completion or execution should be 
arranged in the following order. If desired they may be bound in a separate 
pamphlet. 

Notice to Contractors 

Time and place of receiving and opening proposals. 

Brief description of proposed work. 

Place where plans and specifications may be examined or secured, and 
frorri whom information may be obtained. 

Rights reserved to reject any or all proposals. 
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Any additional information desired, such as competency of bidders. 

Note. —The above information should ^ shown in the advertisement for 
bids, and on the notice to contractors, which may be sent out to prospective 
bidders. 

Special Provisioiis 

Supplementing the specifications for the consti^ctiqn of . .. 

(give the identification of proposed work, 
such as road name, number, job number, etc.). 

Note. —Under this section should be placed all supplemental specifications 
and exceptions, as i>ertain only to the particular project and contract pro- 
I>osed and are not covere 1 satisfactorily in the general specification divisions 
and are not standard or common to all work for which the general speci¬ 
fications may have been prepared such as: 

Materials, etc., furnished by the state. All materials, equipment, or other 
facilities for prosecuting the work, furnished by the state to the contractor, 
should be here listed, with conditions governing delivery, use, and return. 

Statement relative to di^^Kisal of specific materials or structures found on 
the work and not to be used in the constniction thereof. 

Special stipulations and requirements intended to apply to the one project 
only and to supersede corresponding stipulations and requirements as pre¬ 
scribed in the general specifications. 

Specifications for special structures, such as lift bridges, etc. 

Materials Investigated on State Highway No. 8264 

The following data concerning materials has been compiled by the New 
York State Bureau of Highways. The information is as reliable as it is 
possible to obtain without actual development of pits or ledges but neither 
the quantity nor the continuance of quality is guaranteed. In all cases 
prospective bidders are required to satisfy themselves as to the available 
supply of materials and their relative location. 

Materials similar to those designated and of acceptable quality from any 
source will he accepted. Acceptable materials must be furnished from other 
sources whenever the sources here indicated fail m quality or quantity. The 
bidders’ attention is called to the General Specifications concerning Materials 
of Ck)astruction. 

Table of Materials, August 30, 1926 
Location 

o.i mile from Station 143 + 70. 


Kind 

Sand . 

Sand . 

Stone . 


Source 

Local commer'^ial. 

Approved commercial. 

Approved commercial. 

For Items Kumbered 

All items. 

All items. 

All items. 


Test No. 
G-631S 


Attention of Bidden 

All concrete pavement will be tested for thickness and quality of pavement. 
Sections of pavement which arc found to be more than one-quarter inch 
short of the specified thickness shall be removed and replaced at tne Contrac¬ 
tor's expense. 

All Portland Cement furnished on this contract must be bin-tested. 
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Proposal 

Spaces for name and address of bidder. 

Detail^ description of location of roadway or structure, lenrth and width 
of surfacing or pavement, or length and type of structure, referring to the 
plans, drawings, specifications, special provisions, etc., by their titles and 
markings for identification. If the proposal bond form is used, it should be 
attached to or furnished with the proposal form. 

Address (as “To the State Highway Department"). 

Declaration of the bidder that the only persons or parties interested in the 
proposal as principals are those named therein; that the proposal is made 
witnout collusion with any other person, firm, or corporation; that he has 
carefully examined the specifications, including special provisions, if any, 
and that he has made a personal examination of the site of the work; that 
he is to furnish all the necessary machinery, tools, apparatus, and other 
means of construction, and do all the work and fumisli all the materials 
specified in the manner and time prescribed; that he understands that the 
(juantities are approximate only and subject to increase or decrease, and the 
(icclaration of his willingness to perform increased or decreased quantities of 
work at unit prices Vjid in accordance with the specifications at the unit prices 
bid in the following proposal schedule. 

Itemized proposal showing the approximate quantities with spaces for unit 
prices bid, as: 

Proposal Schedule 


Time for completing project.working days 


Item 

No. 

Approxi¬ 

mate 

quantities 

Items with unit bid price 
written in words 

Unit bid 
price 

Amount 

bid 

1 

Total. 

1 

Cubic yards excavation for j 
.per cubic yani.. 

1 


j 



Note, —Spaces should be left for filling in the unit prices both in words 
and figures, as indicated. The items of work should be nunibered in the 
order and v-dth the same titles and units of measure shown in the specifi¬ 
cations. The units of measure used should be as follows: 

The cubic yard for all volumes except the gallon for bituminous materials 
when not weighed and the barrel for cement. 

The souare yard for all surface measurements except the square foot for 
wire mesh or expanded metal. Acre may be used for clearing and grubbing. 

The foot or mile for linear me.asuremcnts. 

The ton of 2000 pounds for weights except the pound for steel and casting. 

A unit price each for any item desired. 

Proposal to perform “extra work," or "force account.” 

Proposal to execute contract agreement and to begin work as prescribed 
and to complete work as bid in schedule (or as stated in proposal). 

Proposal stating the amount of contract bond. 

Proposal for guaranty of work until final completion and acceptance. 

Statement of enclosure of proposal guaranty, naming form, amount, and 
conditions of forfeiture. 

Spaced for signatures, titles, and individual addresses. 

Proposal Bond 

In case a proposal bond is used in lieu of a certified check, the form therefor 
should be attached to or furnished with the proposal form. 

Contract 

The form of contract should be as short as consistent with legal require¬ 
ments. 

The notice to contractors, specifications, special provisions, proposal, and 
plans should be referred to and made a part of this agi^ment, and such 
reference should identify the specifications, plans, drawing, etc., by their 
specific markings. When standard specifications approved by the Bureau 
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of Public Roads arc to govern, identification must be made by date of formal 
approval. 

The federal government is not to appear as party to this agreement. 

Contract Bond 
Estimates 

Estimates shall be made up in accordance with the order and units of 
measure indicated in the proposal form. 

Index 

Itemized index to be place<l at the end of the specifications instead of at 
this point if the foregoing documents are issued as separate pamphlets. 

General Clauses 

For the best examples of general clauses the rcarler is referred to Standard 
Specifications of the American Association of Highway Olfuials. 

Examples are not included in this book as they are rarely needed by field 
or ofhee men and can be readily obtained from local state or government 
bureaus free of charge. 

MATERIALS* 

NEW JERSEY SPECIFICATIONS 

91. Requirements Governing Materials 

91 A. General Conditions Governing Their Use.—Xo materials shall be 
used w'hich do not conform with the requirements therefor as herein defined. 
All materials used in the construction of any of the items of w’ork given in the 
estimate of quantities or in any additional or extra w'ork that may be pt'r- 
formed by the contractor, as herein provided, shall be furnished by the con¬ 
tractor. The materials required for the different items of construction are 
given under said items. The requirements governing the use of patented 
materials, products or processes arc given in Article 14. Sanijiles of acicpt- 
able matenals arc on file at the laboratory of the department, 'faylor and 
Quarry Place, Trcnt<2n, X'. J.. an<l will be shown to prosix'ctive bidders 
upon request. No materials shall be used until tested and released by the 
testing engineer. 

Railroad cars or barges, used for transporting .such road materials as stone, 
gravel, slag. sand, bituimnous tiller, Portland cement, bituminous cement, 
oils, tars, itc., must be clean w'hcn any of these road matenals are deposited 
therein, Matenals slupiK-d in cars, the sides or bottoms of which arc coated 
with coal dust, manure, ashes, clay, loam, earth, hay, straw, etc., wall be 
rejected rcgardles,s of the quality of said materials. Railroad cars ermtaining 
broken sides or bottoms rnu >t be repaired before any materials are deposited 
therein. 

Trucks, wagon.s or other vehicles used in hauling or transporting road 
materials must be kept clean, in projK-r working condition, have strong, 
substantial bodies which wail prevent materials from escaping therefrom 
during transit, and V)e approved by the Engineer before being used. 

Materials which have been approved In-forc shipment and are iniure<i in 
transit, during unloading or handling at the site of the work, shall not be 
used until rcapproved. During handling <)f all stone, .sand or other materials 
which are to fjc used in concrete extra care mu.it be taken that no earth or 
subgrade gets mixed therewith. 

All bituminous cements shall be shipped ready for use without further 
fluxing at the mixing plant or roadside. Each carload of bituminous or 
I^ortland cement must be sampled and released before being used. Such 
samples may be taken before shipment under special arrangement in each 
case with the department, or, in default thereof, must be taken by the 
engineer or inspector on arrival at the terminal nearest the work, or at any 
other convenient p<'jint. Carloads of stone, sand, gravel and bituminous 
paving mixtures shall \)(i carefully examincfl by the insixictor, but shall not 
be unloaded until released by him. Materials appearing defective shall be 
sampled and held until the sample taken has been tested by the testing 
engineer. Any material condemned by the engineer shall Ije removed at 
once from the roadway. 

Cement and other materials liable to damage from the elements by 
exposure must lie stored in proper structures whit h will prevent them from 

* State of New Jersey. 
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becoming damaged. The method of stonng and handling explosives and 
highly inflammable materials will be governed by the local regulations 
therefor. 

The quantities of materials required shall be determined by weight unless 
otherwise specitied. The railroad shipping weights shall govern in deciding 
the actual amount furnished or used. The contractor, when requested, shall 
furnish the deiiartmcnt with the freight bills of all materials received. 

91B. Conditions Governing Approval of Materials.— Xo mat.ri.Th will be 
approved for use which do not comply with the requirements given therefor. 
The approval of a given material is in effect isnly as long as the material 
supplied is of the same character anrl composition as the sample approved. 
The approval of a material for a particular purpose or for use in a specified 
manner does not approve its use for any other purpose or manner. 

91C. Methods Used in Testing Materials.—The methods to be used in 
testing the materials given herein are those on file at the office of the depart¬ 
ment at Trenton, aiicl will be furnished to producers or manufacturers upon 
application. 

92. Broken Stone 

All broken stone, regardless of type, must not contain more than five (5) 
per cent of wcatliered or partly decomposed rock. \Vhen used in concrete 
or to be coated with a bituminous material it must be free from pieces coated 
or jiartly coati'il with mud, clay, loam or other foreign matenal, and must not 
contain any other type of stone having a higher jx-r cent of wear than that 
specified for the stone itself. All such stone must be shipped in clean cars. 
Stone shipped in dirty cars will be rejected. Any one given type of broken 
stone, as shipped, must n(^t contain over ten (10) per cent of any other type 
of stone. _ Approved stone of different tyjxis cannot be mixed during use, 
nor used intermittently fern any one given item of construction. All orders 
for crushed or broken stone must state purpose for which it is to be used. 

All stotie must not contain more than live (5) per cent of slabs, flat or 
elongated pieces, the width of which is less than five (5) per cent of the length. 
The various stone fragments composing any particular sizic shall be uniformly 
distributed througliout the mass of stone, as shipped. When two (2) or 
more sizes of stone are mixed to secure any particular specified size, the 
rnixing must be done before the stone is loaded into the shipping vehicle. 
The following methods are suggested: 

Simultaneously feeding on belt conveyor proper proportions of the different 
sizes. 

Feeding proper proportions of the different sizes through converging chutes 
into the liin or stock pile from which the material is to be shipped. 

Reversing screen plates or otner arrangement of screens, which wall insure 
a profxjrly graded material of the sizes desired. 

Shipments containing piles or layers of broken stone that are not uniform 
will l)c rejected. 

Stone intended for use in any Portland cement concrete or to be coated 
with a bitumen, in addition to meeting the above requirements, must not 
contiiin more than ten (10) jx'r cent of stone coated or partly coated with 
stone dust. Stone which has become coated with mud, loam, clay or other 
foreign matoTial, cither during transit or after receipt on site of work, must 
not be used and .shall be removed from the highway or storage site. 

92A. Sizes.— Permissible variations as to size of stone are shown in the 
table lielow for each size and grade of stone. This table shows the minimum 
and ma.xinium allowable percentages passing the different screens and sieves. 
The scrct ns and sieves designated in the table are those used in the labora¬ 
tory of the department. 

VVheiK'ver the words Trap, Granite, Dolomite, Limestone Gneiss. Sand¬ 
stone or Quartzite are used in those si>ecifications, the rocks designated 
thereby shall comply w’ith the following additional requirements resi>cctively. 

Trap Rock .—A basic, ifjnoous rock consisting principally of augitc and 
jilagioclase. It must be ot medium or fine grain texture, show an even dis¬ 
tribution of the constituent minerals, be ot uniform quality and structure 
throughout, and have a per cent wear not greater than three (3). 

Granite .—An i ’iicous rock consisting principally of quartz and feld.spar. 
It shall be of medium or fine grain texture, show an even distribution of the 
constituent minerals, bo of uniform quality and texture throughout, and 
have a per cent wear not (greater than four and one-half (4.5)* 

Dolomite, —A rock consi.sting principally of the carbonates of lime and 
magnesia. It must contain not less than thirty (30) per cent of magnesium 
carbonate, nor Ic.ss than eighty (80) per cent of the combined carbonates of 
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hme and tnagfnesia. It must be of uniform quality and texture throughout, 
have a per cent wear not greater than 3*5 and be of such density that it will 
not be noticeably affected by five (s) immersions in a saturated solution of 
sodium sulphate with proper dehydration after each immersion. 

Limestone .—A rock consisting principally of the carbonates of lime and 
magnesia. It must contain not less than fifty-five (55) per cent of calcium 
carbonates, nor less than eighty (80) per cent of the combined carbonates 
of lime and magnesia, have a per cent wear not greater than six (6.\ and be of 
such a density that it will not be noticeably affected by five (5) immersions 
in a saturated solution of sodium sulphate with proper dehydration after 
each immersion. 

Gneiss .—A rock containing pratically the same minerals as granite, but 
having these minerals arranged in strata. It must have a dense structure 
with the lines of stratification not so distinctly formed that the stone breaks 
in thin pieces or slabs. It must have a per cent wear not greater than four 
and one-half (4*5)- 

Sandstone or Ouartzite .—A rock belonging to either of these two types shall 
contain not less than ninety (90) per cent ofquartz, be of uniform quality and 
texture, free from seams, lines of clay, distinct cleavage planes, or lines of 
stratification which will cause the stone to break into three slabs or pieces. 
It must have a per cent wear not greater than four and one-half (4.5)- 

93 * Slag 

All slag must be air cooled, have a fresh, clean surface, free from mud, dirt, 
clay or loam. It must not be brittle nor glassy nor have an apparent specific 
gravity greater than 3.0 at is.s°C. When used for concrete it must produce 
a concrete which will have an average compressive strength of not less than 
4000 lb. per square inch when twenty-eight (28) days old. having the same 
composition and consistency, and tested in the same manner given here 
under Broken Stone. It must weigh not less than seventy (70) pounds per 
cubic foot loo.se measure, and be free from decomposed products. The 
requirements governing the different sizes will be the same as for broken 
stone. Slag containing more than one and one-half {iH) per cent of sulphur 
shall not be used in reinforcement concrete. 

94. Gravel 

Gravel shall be divided into two general classes: Washed gravel and road 
gravel. 

94A. Washed Gravel.—Washed gravel may be cornposed partially or 
totally of crushed pebbles, but must be free from soft, thin, elongated pieces, 
organic matter, loam, clay, or pebbles coated therewith. It si all contain 
only pebbles of a sound, hard, durable character, and must be umform 
in composition, free from w'cathered, decomposed pebbles, pieces of coal or 
other foreign materials. It shall not contain more than 5 per cent of slate, 
shale or soft sandstone particles, having a per cent wear greater than. . . . 

When tested by moans of laboratory screens and sieves the various sizes 
of washed grovel shall conform to the following requirements: 


Total Per Cent Passing 


Sizes 

Laboratory screens, inches 

Sieves 


iM 



y< 

lo-inesh 

in. 

100 

100 

0 - 2 S 

75-100 

25-50 

100 

0-5 

0-2 5 
0-12 
95-100 

0-5 

0-2 

* 0-25 

o-S 

^ in. 

Concrete gravel'. 

100 

Pea gravel. 




' Concrete gravel size may be prepared by mixing two (2) parts of one and 
one-half (iH) inch gravel with one (1) part of three-quarter (^4) inch gravel 
by volume; however, when thus prepared, these two sizes must be mixed in 
such a manner that will insure a uniformly graded product, conforming to the 
screen requirements given below. The method employed in mixing m each 
case must be approved by the department before using. 
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94B. Road Gravel. —Road gravel shall be composed of sand and hard, 
durable pebbles of quartz, mixed With clay in such proportions that the gravel 
will comply with the grading and oth r requirements specified herein below, 
and also compact under travel into a hard, dense pavement. It shall contain 
not less than eiwht (8) nor more than twenty (20) per cent by weight of 
material removed by the elutriation test, and the gravel having the fine 
material thus removed shall, when tested by means of laboratory screens 
and siev'es, comply with the requirements giv'en below: 


Total Per Cent Passing 


Grailes 


Screens, inches j 

Sieves 

2 

: a; 1 > | u 1 u 

10 

i 

too 

1 95-100 1 85-100 j 5 => 00 43 80 

3 S “70 

B ! 

] 

1 

1 100 1 95-100 j 90—100 75-05 

00-85 


95. Sands 

Sands shall consist of grains or particles of quartz or other hard and 
durable rocks, the surfaces of which are not coated with any foreign jnatenal 
nor worn smooth. The grains shall lx? moderately sharp, fret* f'om soft, 
decomposed or partly decompo'xd saitd grain'^ lumps of clav, <>r ft rniginou.s 
cemented sand, mica, loam, va salts, organic matter, or oila-f m.itr'rials. 

Sands shall be divided into two general cl.is .i'.s, bitufiimm . :.;iiids and 
concrete sands. 

9 SA. Bituminous Sands. —BiUiminous sands are those intendfd for use 
in the construction of bituminous pavements, bituminous nu.rt »r;>, bitumi¬ 
nous filters, or mastics, and when tested by means of laboratory screens and 
sieves shall conform to the following requirements: 


Passing j 

Retained on 

i 

Minimum. 1 

1 

Maximum, 

/Q 

Vi-'m. screen 

1 lo-mcsh sieve i 

0 o 

7 O 

lo-mesh sieve 

30-mesh sieve j 

10. o 

30.0 

! 30-mesh sieve 

i 50-rnesh sieve | 

1.5 o 

42.0 

j 50-mesh sieve 

! 80-mcsh sieve ; 

20 O 

35 o j 

i 80-mesh sieve 

1 200-me.sh sieve j 

1.5 O 

35 0 

200-mcsh sieve 

. ' 


1 5 0 j 


95B. Concrete Sands. —Concrete sands arc those intended for use witli 
Pt^rtland cement either in a Portland cement c*)ncrcte or mortar, and when 
tested by means of laboratory screens and sieves .should conform to the 
following requirements: 


Pa.ssing 

Retained on 

Minimum, 

% 

Maximum, 

% 

Pi-in. screen 

yi-\n. screen 


1.0 

1-4-in. screen 

lo-mesh sieve 

5-0 

25.0 

lo-mesh sieve 

30-mc.sh sieve 

30.0 

60 0 

30-mesh sieve 

So-mesh sieve 

20.0 

40.0 

.5o-mesh sieve 

200-mesh sieve 

SO 

ISO 

30 o-mesh sieve 



5.0 
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Concrete sands must not contain more than four (4) per cent of material 
removed by the elutriation test and must produce a Portland cement mortar 
which will have at the end of seven (7) and twenty-eight (28) days a crushmg 
and tensile strength equal to or greater than that of a mortar prepared in 
the same manner, of the same proportions and consistency, using the same 
cement, and Standard Ottawa sand.^ The ratio of cement to sand is to be 
the same as that specified for the concrete in which said sand is to be used. 
The approval of a sand for use in concrete of a given composition does not 
approve its use in concrete having a different composition. 

95C. Stone Dust.—Stone dust. Grade A, may be used as a concrete sand, 
but only after being approved by the engineer for this purpose, said approval 
shall apply only to the material that is actually represented by the sample. 
It must produce a mortar having not less than one hundred and twenty-five 
(i2S) per cent of the strength of a similar mortar prepared from Ottawa sand 
and tested in the same manner as Concrete Sands. 

95D. Grout Sand.—Sands intended for use in a Portland cement grout 
must, in addition to meeting the other general requirements given above, 
all pass a lo-mcsh sieve and produce a Portland cement mortar w'hich will 
have at least seventy-five ( 7 S) per cent of the strength of a similar mortar 
prepared with Standard Ottaw'a sand, and tested in the same manner as 
Concrete- Snn-ls. 

95E. Cushion Sand.—Sands for use in the cushion course placed under 
paving blocks shall comply with the requirements for a concrete sand 
except the mortar produced therefrom need only 75 per cent of the strength 
of a similar mortar prepared from Standard Ottawa sand and tested in the 
same manner as specified under Concrete Sand. 

96. Portland Cement 

This cement shall comply with the requirements and be tested in the man¬ 
ner specified by the A. S, T. M. standards. Serial Designation C9-21, with all 
subseement changes or corrections. 

All Portland cement rcouired for use will be shipped from bins previously 
approved by the State Highway Department. Copies of all Portland cement 
orders, placed by the contractor with ccr.u-nt cginpanics, direct or through 
brokers or local dealers, shall be forwarded to the department. When an 
order is placed through a broker or local dealer, said broker or local dealer 
shall furnish the department with a copy of this order to the cement com¬ 
pany for the cement required. In all cases, regardless of whether the cement 
IS ordered by the contractors direct or through brokers, the order must be 
placed with the cement company at least ten (10) days previous to the date 
of the initial shipment. The extra cost, if any, required for shipment from 
previously approved bins shall be borne by the contractor and will not be 
paid for by the department. 

All Portland cement shall be shipped in cloth bags, w’hich are plainly 
stamped with the manufacturer’s name and brand of cement contained 
therein. Each ba^ shall contain ninety-four (94) pounds of cement net 
weight and be considered as containing one (i) cubic foot of cement. 

Bags of cement which for any reason have become partially set on the 
outside or which contain lumps or partly set cement shall be rejected. 

Different brands, makes, or grades of cement, must be piled by themselves. 
Approved cements cannot be mixed during use, or used intermittently in any 
one given item of construction. 

All cement must be stored in bins prepared for this purpose and shipment 
made only from these bins. All cars shall be loaded under the supervision 
of and sealed by a representative of the State Highway Commission. Cars 
received at their point of destination with seals broken or destroyed may be 
unloaded, but should not be used until resampled and approved. 

Producers arc requested not to permit shipments to be made of any cement 
that docs not comply with the requirements given. It is assumed that all 
cement shipped complies with the requirements given herein. All shipments 
made containing cement that docs not comply with the requirements given 
herein shall be replaced with cement that does comply with said requirements. 

Water used with Portland cement shall be clean, tree from oil, acid, alkali, 
sea salts, or vegetable matter. 

' Ottawa Sand is furnished by the Ottawa Silica Co. of Ottawa, Ill. One 
hundred per cent passes a No. 20 sieve and 100 per cent is retained on a 
No. .30 sieve. It has about 37 per cent of voids and a fineness modulus of 
3.0. 
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Item X9A. Special Cement (Quick Hardening)^ 

Under this item the contractor shall furnish and place cement meeting the 
following requirements: 

A pat of neat cement shall remain firm and hard, and show no signs of 
distortion, cracking, checking, or disintegregation in the steam test for 
soixndness. 

The cement shall not develop initial set in less than 45 min. when the Vicat 
needle is used or 60 min. when the Gillmore needle is used. Final check 
shall be attained within 10 hr. 

The average tensile strength in pounds per square inch of not less than 
three standard mortar briquettes composed of i part cement and 3 parts 
standard sand, by weight, shall be equal to or higher than the following: 


Tensile 

^eat Strength, 

Test, Pounds, per 

Days Storage of Briquettes Square Inch 

I I day in moist air. 300 

7 I day in moist air, 6 days in water. 350 

a8 X day in moist air, 27 days in water. 400 


The average tensile strength of standard mortar at 7 days shall be higher 
than the strength at i day and the average tensile strength of standard 
mortar at 28 days shall be higher than the strength at 7 days. 

The cement shall be tested in accordance with the methods of tests as 
mven in the Standard Specifications of the American Society for Testing 
Materials. Serial Designation C-9-21. 

All cement shall be sampled as directed by the Bureau. 

Measurement and Payment.—The quantity to be paid for shall be the 
number of barrels, of 376 lb. net weight, incorporated in the work in 
accordance with the specifications and to the satisfaction of the engineer. 

97. Mineral Fillers 

Fillers for use in a bituminous mortar, bituminous concrete, or sheet 
asphalt shall be Portland cement, ground limestone, or pulverized lime not 
less than eighty-five (85) per cent of which must pass a one hundred (100) 
mesh sieve and sixty-five (65) per cent a two hundred (200) mesh sieve. It 
shall be free from lumps or balls or any foreign material that may injure it 
for the purpose intended. 

98. Bituminous Cement 

Must be uniform, homogeneous, and free from water. They must pass 
the requirements designated below for the respective type of pavement for 
which they arc intended to be used. They must have the consistency re¬ 
quired herein before shipping, for fluxing will not be allowed at the mixing 
plant. 

99. Asphaltic Cements and Oila 

Asphaltic cements may be made from petroleum or from fluxed or unfluxed 
natural asphalts, and must be free from tar or tar products. 

^ To get quick*h.trdening concrete b other methods, see p. 485. 
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99G. Asphalt Cement Emulsion. — General: The emulsion shall be homo¬ 
geneous, of such character that it will mix with water in all proportions and 
of such stability that it will remain constant and uniform while being com¬ 
bined and mixed with clean, wet, crushed stone. Its consistency shall be 
such as uniformly to coat the stone and remain constant while being handled. 

Sione Test: One (i) pound of dry, clean, trap rock screenings. Grade A, 
shall be washed until clean and surplus water allowed to drain on for a period 
of five Is) minutes. 

To this clean, washed, crushed stone screenings shall be added one and 
one-quarter (ij^) ounces of the emulsion. The mixture will then be con¬ 
stantly agitated by stirring, turning and mixing for a period of three (3) 
minutes. 

Any material that will not retain its emulsified characteristics without 
appreciable separation during such agitation will be rejected as being unsuited 
for the purpose for which it is intended. 

Analysis of Emulsion: When distilled up to a temperature of 26o®C. the 
total loss shall not exceed thirty-two (32) per cent and not more than two (2) 
per cent of this distillate shall be other than water. The residue from the 
foregoing distillation shall comply with the following requirements* 


Grade 

A.E. 



Tests 

Min. 1 Max. 

1 

Min. 

Max. 

Min. Max. 

1. Specific gravity at 2S®C., 

2. Penetration at 2S®C., 

100 g.—s sec. 

I .01 

150 
98 5 
6.0 

250 

15 0 

1.0 

I 


1 

i 

1 

1 

1 

1 

3. Solubility in eSa, per cent 

4. Fixed carbon, per cent... 

5. Ash, per cent. 

6. Ductility at 2S®C. (cm.).. 

7. Paraffin scale, per cent... 

40.0 

4.7 







AMphMltie Oil*. 
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Legend of Asphaltic Cements, Asphaltic Oils and Tars 


Intended use 


Sheet asphalt, type S. A. 

Bituminous concrete surfaces, 
mixed hot. Type F. A.-B. C.~^ 
F. A.-B. C.-». or W-B. 
Bituminous concrete surfaces, 

mixed cold, type A. 

Bituminfjus macadam surfaces. 

penetration method. 

Patch work, hot-mixing method.. 
Patch work, cold-mixing method.. 
Surface treatments, cold applica¬ 
tion—macadam. 

1 Bituminous concrete. 

I Surface treatment, hot applica¬ 
tion—macadam. 


Grades that may be specified 


N. A.-i, H. M.-i, L. M.-J. C-', 
C. M.-». or T.-i 

N. A.-2. H. M.-*. L. M.-L C"*, 
C. M.-2, or T.-2 

N. Ar\ H. M.-s, L. M."*. C"*, C. 
M. >, orT.“® 

N. A.~*. H. M.-«, L. M.-<, C-*, C. M.-*. 
TX., or U-* 

H. H. O., X., or U-« 

L. K.. H. K., P., or U. C 

S. C. O., R. C. O., B., U. B., or U. C 
L. K.. or H. K 

L. 11 . O., H. II. O., A., or U"* 


loi. Bituminous Waterproofing Compounds 

All bituminou.s waterproofing paints shall be prepared ready for use before 
shipment and shall be shipped in strong, sunstantial containers, plainly 
marked with the name and weight of content and name and address of the 
manufacturer. When .so requested, the analysis of all paints furnished 
must be supplied by the manufacturer within ten (10) days after request 
IS made. 

loiA. Tar Paints. —Tar paints shall be prepared from a refined coal tar 
or water-pas tar and a tar distillate. They shall be free from water or petro¬ 
leum distillates, and must comply with the following requirements: 


Grades 

T 

T 

p-j 

T P-» 

Tests 

Min. 

Max. 

Min. 

Max 

Min. 

Max. 

1. Viscosity at 25°C., first 
SO c.c Englcr (seconds). 

325 

400 

275 

350 

275 

350 

2. Free carbon (using hot 
benzol, Celle), per cent 

8.0 

14.0 

12.0 

18.0 

4.0 

10.0 

3. Distillation: 

0® I70°C., per cent- 

20.0 

28.0 

12.0 

20.0 

12.0 

20.0 

o°““235°C., per cent.. . . 

0.0 

37.0 

15.0 

35.0 

15.0 

35.0 

o®-270®C., per cent.. . . 

0.0 

39 5 

0 0 

39-5 

0.0 

41.0 

0°-300®C., per cent.. . . 

0.0 

Ai-S 

0.0 

43.5 

0.0 

46.0 

4. Melting point of di.stilla- 
tion residue (Ball & 
Ring)®C . 

60 

70 

55 

70 

55 

70 
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lOxB. Aiphaltic Paixits.~AsphaU paints shall be prepared from petroleum 
residue or natural asphalts, and a i^troleum or tar distillate. They shall 
be free from water, animal or vegetable oils, fats or greases, and shall comply 
with the following requirements: 



A P-» 




Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

I. Evaporation loss at i63®C. on 
20 g. for s hours, per cent.... 
(a) Penetration on residue at 
2S°C. (loo g.-5 sec.). 

45 .0 

10 

20 





2. Evaporation loss at ioo®C. on 

20 g. for 5 hours, per cent. 

3. Solubility in benzol, C*IU 

(Prepared from petroleum as¬ 
phalt), per cent. 

35.0 

99 .5 

95 0 

20.0 





(Prepared from natural asphalt),' 
per cent. 






4. Ductility at so penetration at 
2S®C., centimeters. 

i 





S- Viscosity at 2S®C. (Engler, first 
50 C.C.), seconds. 

200 

1 

300 

1 60.0 





6. Asphaltic content at 100 pene 
tration, per cent. 

so 0 

1 

1 





loa. Wood Preservatives 

Wood preservatives used in the pressure treatment of wooden blocks, 
piling, etc., shall be either an oil distillate from coal-gas tar coke-oven tar, 
or a product of which at least sixty-five (6s) per cent shall be a distillate of 
coal-gas tar or coke-oven tar, and the remainder shall be refined or filtered 
coal-gas tar or coke-oven tar. Only one type of preservative shall be used 
on any one contract. They must comply with the following requirements as 
given under W and W P“*. 

Wood preservatives used in the open-tank treatment of guard rail posts 
or other timbers shall be an oil obtained by distillation from coal tar or coke- 
oven tar. and shall be free from any admixture of undistillcd tar, water-gas 
tar. or tars or oils obtained from any other sources. The oil shall conform 
to the following specifications given under W P'>. 
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Grades 

W P“» 

w p-« 

w p-» 

Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

I. Water content, per cent. 


3.0 


3.0 


1.0 

a. Solubility in benzol, CoIi«, per 
cent. 

99.5 

1.06 


97.0 

1.07 


99.7s 

3. Specific gravity at 38®C./38®C., 


1.14 

SO 

25.0 


4. Specific gravity at sS^C./i'j^C. 

5. Distillates (based on water-free 

oil), o°C.-iio'*C., per cent . . 

6. Distillates (based on water-free 

oil), o®C.-23S®C., per cent . . 

7. Distillates (based on water-free 

oil), 23S®C.-300®C.. percent 

8. Float lest at 70®C. on distilla¬ 

tion residue above 35S®C., if 
over 10 per cent, inches. 

5.0 

ISO 

1.09 

1.13 

2.50 

20.0 


50 




9. Float test at 70®C., on distilla¬ 
tion residue above 35S°C., if 
over 35 per cent, inches. 



80 


25 

SO.O 

10. Per cent of residue above 
3 SS®C. 





II. Specific viscosity, Engler at 
20°C. on 200 c.c. 





10 

12. Specific gravity at 

38®C./is.s®C. of fraction be- 
twe n 23s® and 3i5®C. 

1.03 

1.09 


1.02 



13. Specific gravity at 

38®C./is.s®C. of fraction 
between 3is®C. and 3SS®C . . 

14. Coke residue, per cent. 

15. Tar acids (per cent of total dis¬ 

tillates), per cent. 

2.0 

1.09 

jio.o 


2.0 

15.0 

16. Flash point (Cleveland open 
cup), °C. 





120 

17. Fire point (Cleveland open 
cup), ®C. 





165 

21 


18. All to be liquid (no solid), ®C... 













103. Joint Fillers 

The material used in filling joints in pavements, curbs, gutters, etc., shall 
be divided into two grades, Grade P, poured joint fillers, and Grade M, 
molded joint fillers. 

The poured joint fillers shall be prepared from either a coal tar or an 
asphalt cement, complying with the reauirements given below. 

Molded joint fillers shall be prepared by imprecating such inert materials 
as felt, woolen or cotton fiber, paper pulp, sawdust, etc., with a bituminous 
cement complying with the reauirements given below. The inert material 
may be applied as a layer on toe outside of a bituminous sheet, or may be 
uniformly distributed through the bituminous material. In either case 
sufficient inert material must be used to prevent the joint from chipping 
during cold weather. 

Molded joint fillem shall be cast in sheets, the thickness of which shall 
be the same as the joint width specified, but in no case shall molded ioint 
fillers be cast in sheets less than one-half (K) inch nor more than three- 
quarters (M) inch thick. When no special width is specified the joints shall 
be cast in sneets from one-half (H) inch to five-eighths i^i) inch thick. 

All molded joint fillers to be used in transverse joints in a concrete pave* 
roent shall be cast in lengths equal to one-half the width of the pavement, 
have a width of one-half (H) inch greater than the thickness ot the pave- 
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ment, have one edge cut to the curvature specified for the crown of the pave¬ 
ment. and have a thickness equal to the width of the joint as above specified. 
When for use in longitudinal joints in concrete pavements adjacent to 
curbs, gutters, headers, etc., molded joints shall be made in the lengths and 
widths ordered. 

The various grades of bitumen used for the fabrication of expansion joint 
fillers shall comply with the requirements given below. 


r- 

j Grades 

M. 

A. 

P. 

A. 

P. 

T. 

! Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

I. Specific gravity at 2 5°C. 

1.00 


1.00 


1.22 

1.30 

2. Penetration at 25®C.-ioo g. 

for 5 sec. 

3. Penetration at 46®C.-ioo g. 

for 5 sec. 

4. Melting point (ball and ring)®C 

25 

35 

55 

30 

65 

40 

70 

95 

36 

SO 

5. Evaporation loss on 20 g. at 

i 63®C. for 5 hours, per cent . 

6. Solubility in benzol, CsHe, ix^r 

cent. 

99 0 

1.0 

99 5 

1.0 

6s 0 

80.0 

7. Solubility in carbon tetra¬ 

chloride. CCL4, per cent. 

8. Flash point in . 

9. Ductility at 2S°C.. centimeters 
10. Float Test at ion°C 

1 

. . . ! 
’ ' ’ i 
4 0 

• • 

1 ' ' 

’ ^ ’ 

99 0 

200 

4 0 


1 

55 

75 

II, Distillation 0®-i70®C., per 
cent . 


1 1 

i . 



I .0 

Distillation 0®-300®C., per 
cent. 


1 




5 0 

12. Free carbon, per cent. 

1 




j20 0 

35 0 


104. Lignin Binders 

They must be concentrated liquid extracts from organic matter, uniform 
in composition; hoinogeneous, free from mineral oils, asphalts or tars. Dur¬ 
ing concentration the liquors must not be heated above 2i2®F. They must 
conform to the following requirements; 


Grades 

G. 

N. 

Tests 

Min. 

Max. 

1. Specific gravity at 6o®F. 

2. Solubility in cold water, per cent. 

1,25 

99.5 

99.5 


3. Solubility in hot water, per cent. 


4. Evaporation loss at lOO^C. to constant weight, per 
cent. 

SS.o 

9.5 

S. Ash content, per cent. 


6. Free acids, per cent. 


0.5 

7. SO* content as sulphite, per cent. 


X .0 

8. CaO content. 


a.5 

9. MgO content, per cent. 

i'.is 

i 

10. Ferric oxide content, per cent. 

o.as 
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Z05. Inorganic Binders 


This class of binder shall consist of concentra^d solutions of soluble alka¬ 
line silicates and may contain soluble organic compounds. They shall 
fulfill the following requirements: 


Grades 

S. 

S. 

R. M. 


Tests 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

1. Solubility in hot water, per cent 

2. Specific gravity at 6o®F. 

3. Residue on evaporation at 

iio°C. to constant weight, 

per cent . 

Silica content of residue, per cent 

90 0 1 
I -35 

60.0 

.70.0 

1 

.U5 

1.40 1.20 

70 0 30 0 
80.0 36.0 

1.30 

40.0 

40.0 

1 




106. Telford Base Stone 

This stone shall be prepared from a hard, durable rock, such as trap, 
granite, gneiss, limestone, etc. In the selection of these stones no decom¬ 
posed, weathered, shattered or soft stone shall be included. The stone 
shall be broken nearly rectangular in shape, and of such a width that, after 
knapping, they will produce a foundation of the required thickness. When 
no special size is specified the stone shall be so broken that, after knapping 
and trimming up, they will be approximately eight (8) inches in depth, not 
less than two (2) or more than (5) inches in width, and from six (6) to twelve 
(12) inches in length. 

107. Cobble Stones 

Cobble stones shall be comt^sed of only good, hard, durable stone which 
are nearly uniform in size. They shall not exceed five (s) inches in their 
largest diameter, except for the center line and side lines of gutters where 
8-inch stones may be used. They must have fairly smooth, even faces that 
will permit the construction of a gutter surface with a uniform contour. 

108. Rubble Stones 

Rubble stones shall be prepared from a hard, durable, tough stone, such 
as trap, granite, gneiss, etc., that has a fairly uniform fine grain, is sound, 
free from weathered or deomposed stone, shattered ends or structural defects, 
marked laminations, scams or cracks, and must be approved by the engineer 
for the use intended. 

When for use in a rubble gutter stone shall be not less than six (6) nor more 
than eight (8) inches in depth, not less than two ( 2 ) nor more than five (s) 
inches in w’idth, and from six (6) to ten (10) inches in length. The top 
surface mu.st l>e approximately flat, and so cut as to permit the construction 
of a gutter surface of the proper contour. When for use in rubble masonry 
unless otherwise specified the stone for the faces of the w-all shall be not 
less than six (6) inches thick nor less than twelve (12) inches long. The 
width shall not be less than the thickness and the length shall not exceed 
three (3) times the thickness. Selected stones, rough squared, cut to the 
required pitch, shall be prepared for use at all angles and ends of walls. 

Z09. Stone Block for Gutters 

Stone block for ^tters shall be prepared from a hard, tough rock such as . 
trap, granite, gneiss, etc. In the selection of the stone all decomposed, 
weathered, soft, brittle or laminated stone will be excluded. The blocks 
should be of nearly the same degree of hardness and toughness. They shall 
be so cut that they will be practically rectangular in shape, be not less than 
six (6) nor more than eight (8) inches square on top, and from six (6) to 
eight (8) inches in depth. The blocks shall be so split and dressed as to 
form, when laid, close joints not exceeding one-half (H) inch in width on the 
top, and have a fairly smooth top and bottom surface. 
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1X0. Construction Brick 

Brick for use in constructing manholes, catch basins, etc., shall be new, 
whole building brick of a standard brand or make. They must be of a 
uniform commercial sixc. 

The physical properties of construction brick shall comply with the require¬ 
ments for Hard Brick, as defined in A. S. T. M. standards, Serial Designation 
Cai-ao. 

XXz. Masonry Stone 

The stone used in the construction of stone masonry, such as retaining 
walls, headers, etc., shall be a hard, durable stone, that will easily permit 
of its being cut, chipped or chiseled into the required shape or form. Stone 
shall be oi two graaes, rough dressed and hand dressed. Rough-dressed 
stone shall be fairly rectangular in shape, have at least one smooth, even 
face, be not less than three (3) inches in thickness, nor less than eight (8) 
inches in width, and have a length greater than one-half the thickness of the 
wall in which the stone will be used. Hand-dressed stone will be hand 
dressed to nearly rectangular shape. The front face shall be smooth and 
even, free from objectionable depressions or projections, be rectangular 
in shape, have straight edges with square comers, and the other faces dressed 
nearly perpendicular to this face. 

Hand-dressed stone shall be not less than eighteen (18) inches in length, 
six (6) inches in thickness, nor less than one (i) foot in width, and must be 
approved by the engineer before lieing used. 

Header stone shall be equal in length to the thickness of the wall in which 
it will be used. 

XXa. Stone Curbing 

Straight curbing shall be made from either granite or blucstone; circular 
curbing from granite only. 

The granite used shall be a good grade of medium fine grain granite 
which has a uniform texture and distribution of its constituent minerals, is 
neither stratified nor laminated, and is free from scams, evidence of weather¬ 
ing, or disintegration. 

The blucstone shall be a hard, durable stone that is free from such imperfec¬ 
tions as soft or weathered spots, shattered layers, weathered bedding planes, 
or distinct lines of stratification. It must be of sufficient hardness as to be 
serviceable, but not so hard as to be brittle or glassy. 

All curbing shall be cut in lengths of not less than four (4) nor more than 
^ht (8) feet, and be twenty (20) inches in depth unless a concrete footing 
is ^cified to be used, when the depth shall be sixteen (16) inche,s. 

The top of all curbing shall be dressed to an even, smooth surface for full 
length, have straight, even edges, and a one-quarter (K) iuch bevel. The 
front faces shall m hand dressed full len^h for a depth of twelve (12) 
inches, and have a batter of one (i) inch from the top of the curb to the 
finished line of the gutter and be straight from this line to the bottom. 
The back face shall be hand dressed for a depth of three (3) inches. All 
dressed faces shall be free from depressions, projections or other defects, 
and hand dressed in a manner equal to four (4) cut stone finish. All curbing 
shall have square ends that will permit joints being made not more than 
one-quarter (K) inch in width for full depth. 

112k, Five-uich Curbing.—Five-inch curbing shall be five (s) inches in 
thickness on the top and not less than six (6) nor more than eight (8) inches 
in thickness on the bottom; other dimensions to be as above specified. 

xisB. Six-inch Curbing.—Six-inch curbing shall be six (6) inches in 
thiclmess on the top and less than seven (7) nor more than eight (8) inches 
in thickness on the bottom; other dimensions to be as above specified. 

IX2C. Bight-inch Curbing.—Eight-inch curbing shall be not less than 
eight ( 8 ) inches in thickness on the top nor less than nine (9) nor more than 
eleven (ii) inches on the bottom; other dimensions to be as above specified. 

' ixaD. Circular Curbing.—Circular curbini^ shall be similarly cut and 
dressed in the same manner as straight curbing. It must be so cut as to 
conform accurately to the reouired radius. The ends shall be so cut as to 
permit of joints being made of not more than one-quarter CH) inch in width 
for full <^pth. 

2x3. Paving Blocks 

ZX3A. Kew Granite Paving Blocks. —New granite paving blocks shall be 
prepared from a granite of medium or fine-grained structure, showing an 
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even distribution of the constituent minerals of uniform quality, structure 
and texture. 

Physical Properties .—The gnranite shall have a French coefficient of wear 
of not less than nine (9). The average of three determinations shall be used 
in reporting this test. 

Dimensions .—The blocks shall meet the following requirements: 


Length on top. 8 to 12 in. 

Width on top. 3^ to 4H in. 

Depth. 4^4 to sK ill- 

Dressing .—The blocks shall be so dressed that the faces will be approxi¬ 
mately rectangular in shape and the ends and sides sufficiently smooth to 
permit the blocks to be laid with joints not exceeding one-half (H) inch in 
width at the top and for a distance of one (1) inch down therefrom, and not 
exceed one 0 ) inch in width at any other part of the joint. The top surface 
of the block shall be so cut that there will be no depressions measuring 
more than three-eighths (H) inch in depth from a straightedge laid in any 
direction on the top of said block and parallel to the general surface there of. 

Care shall be exercised in handling the blocks so that the edges and cor¬ 
ners shall not be chipped or broken. Blocks otherwise acceptable may be 
rejected on account of spalling. 

Inspection .—The engineer or his authorized representative shall select 
at the work not less than three (3) blocks which fairly repre^nt the actual 
shipment. These blocks shall be tested for the French coefficient of wear. 

No samples shall include blocks that w'ould be rejected by visual examina¬ 
tion. The bedding plane shall be marked on at least two (2) of the blocks 
selected. All deliveries shall be subject to further inspection at the work 

f )rior to and during paving. Blocks received at the work that are manu- 
actured at a quarry other than the quarry or quarries stated in the certificate 
submitted by the contractor at the time of bidding shall be rejected. 

113B. Recut Granite Paving Blocks.—The recut granite paving blocks 
shall be made from the blocks in the street or roadway which is to be paved. 
Additional blocks required shall be either new granite blocks or made from 
other used granite blocks of the proper size and equal in quality to those in 
the pavement to be repaved. 

Physical Properties .—All recut blocks must show a French coefficient of 
wear equal to that specified herein for new granite paving blocks. 
Dimensions .—The blocks shall meet the following requirements: 


Length on top. Not less than 6 in. 

Width. 3H to 4H in. 

Depth. 4^4 to sH in. 

Dressing .—The blocks shall be so dressed that the faces will be approxi¬ 
mately rectangular in shape and the ends and sides sufficiently smooth to 
permit the blocks to be laid with joints not exceeding one-half (H) inch in 
width at any part of the joint. Blocks less than six and one-half ( 6 H) 
inches in length shall be reclipped. The head of the blocks shall be so cut 
that they shall have not more than three-eighths inch depression across 
the head measured from a straightedge held parallel to the general surface 
of the blocks. 

Inspection .—After the blocks have been recut they shall be carefully 
inspected. Undersized or irregular-shaped blocks or those not complying 
with the above requirements shall be rejected and must be removed from the 
roadway. 

113C. New Sandstone Paving Blocks.—Sandstone paving blocks shall 
consist of the best quality sandstone, free from quarry cnecks or cracks, and 
shall be quarried from fine grain live rock, showing a straight and even 
fracture. The material shall be of uniform quality and texture, free from 
seams, lines or clay, or other substances which, in the opinion of the engineer, 
will be injurious to its use as paving blocks. 

Physical Properties .—All sandstone blocks must have a French coefficient 
of wear of not less than nine (9). The average of three (3) determinations 
shall be made in reporting this test. 

Dimensions .—The blocks shall meet the following requirements: 

Length on top. 8 to 12 in. 

Width on top. 3H to 4U in. 

Depth. aH to sK in. 
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Dressing .—The blocks shall be dressed in the same manner as that specified 
for new granite paving block. 

Inspection .—The same method of inspection shall be used as that specified 
for the new granite paving blocks. 

113D. Durax Paving Blocks.—Durax paving blocks shall be cut from a 
granite that complies with the requirements specified herein for new granite 
paWng blocks. 

Dimensions .—Durax blocks shall have six (6) irregular, approximately 
square surfaces, the edges of which shall measure not less than two and three- 
quarter (2^4) inches, nor more than four (4) inches. 

The blocks shiill be dressed so as to conform with the require¬ 
ments specified for new granite blocks, except that the faces .shall be square 
instead of rectangular. 

Inspection .—The same method of inspection shall be used for Durax 
blocks as that specified for new granite blocks. 

113E. Vitrified Paving Brick.—All brick used for pavement or gutter 
surfaces shall Ise vitrified and prepared especially for paving purposes. 
They shall be pressed brick with lugs or wire-cut lug brick when the pavement 
is to be Portland cement grout filled, and wire cut without lugs when the 
pavement is to be filled with a bituminous cement or bituminous mortar. 
Special forms shall be furnished w'hen so ordered or required witnout extra 
compensation. 

All brick shall be thoroughly annealed, tough, and durable, regular in size 
and shape, and evenly burned. When broken, the brick shall show’ a dense, 
stonelike body free from lime, air pockets, cracks, or marked laminations. 
Kiln marks shall not exceed three-sixteenth C^ic) inch, and the wearing 
surface shall show but slight kiln marks. 

Representative samples of the brick shall meet the following requirements 
when subjected to the rattler test: 

Average loss by abrasion on 3-in. w’ire-cut brick tw’enty-five (25) per cent.; 
maximum, wenty-seven (27) per cent. 

Average loss by abrasion on j wire-cut brick, tw’cnty-three (23) pt‘r 

cent; maximum, tw'enty-five (25) per cent. 

An abrasion lo;s of one (i) per cent lower than tjiat specified above will 
be required for repressed paving brick. 

A maximum of three tests may be u.sed as a basis for rejection. 

The brick shall meet the follow’ing dimensions; 

Either 8 >‘i X 3 X 4 in., or 8 H X 3 H X 4 in. 

Variations among brick from a single plant shall not exceed the following 
limits: 


Variation in length. .... H inch 

Variation in width. . inch 

Variation in depth. . inch 

If the edges of the brick are rounded, the radius shall not exceed three- 
sixteenth (^i«) inch. 

The name or trade-mark of the manufacturer, if shown on the brick, shall 
be recessed and not raised. 

The brick shall be subjected to inspection subsequent to delivery and 
durintj laying in order to cull out and reject upon variations from the general 
and dimensions clauses and upon the following grounds; 

All brick which are broken throu;'h or chipped in such manner that 
neither wearing surface remains suV^stantially intact, or in such manner 
that the lower or bearing surface is reduced in area by more than one-eighth 

(H). 

All brick which arc cracked to a depth greater than one-eight 0 (j) inch 
on any surface, or which are cracked on the wearing surface. 

All brick which are so off.sizcd or misshaped, bent, twisted, or kiln marked 
that they will not form a proper surface or align proi)crly with other brick. 

All bnck which are obviously too soft and too poorly vitrified to endure 
street wear. 

Asphalt Blocks.—These blocks shall be prepared from trap rock and 
a mineral filler of ground limestone or Portland cement bound together 
with an asphaltic cement. The trap rock shall be prepared by recrushing 
clean ^-in. to iH-in. stone which is free from all weathered or decomposed 
materkl and quarry screenings. The product thus produced must all pass 
through a screen having circular openings one-quarter (K) inch in diameter, 
the stone therein shall be as near cubical as possible, and be so graded as to 
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produce in the finished block, the mesh composition specified below. The 
mineral filler must fulfill the requirements given in Article 97; the asphalt 
cement, those for Grade NA.*, as defined in Article 99A. 

All blocks shall be uniform in texture and composition, straight, true to 
form, free from warp, wind, and broken corners or edges. The planes of the 
opposite faces and edges must be parallel. Each block shall be five (5) 
inches in width, twelve (12) inches in length, and two (2) inches in depth and 
any variation therefrom of over one-quarter (^) inch in length or one-eighth 
i^i) inch in width or depth from these dimensions will cause the rejection 
of such blocks. 

Anchor blocks shall, in addition to meeting the requirements specified 
heremabove, have a strip of sheet iron one (i) inch wide so embcddcil in the 
block that it is firmly held in place, docs not project less than three-eighths 
(^s) inch or over one-half (J>i) inch below the surface of the face of the block, 
is elliptical in shape, the major axis of which is not less than nine (9) inches 
or over ten (10) inches and the minor axis not less than two and one-half 
(2t2) inches or over three (3) inches. 

All blocks must have a specific gravity at I5.5°C., of not less than 2.40 and 
be so prepared that they will comply in all respects to the following additional 
requirements: 

Composition 


Size of screen and sieves 


— 



Minimum, 

Maximum. 



/O 

to 

Passing 

Retained on 




3-Tin. scre« n 


0 0 

1-4-in. screen 

20-mesh 

0 

50 0 

20-mesh 


IS 0 

30 0 

luo-mesh j 

j loo-mesh 

2h 0 

36 0 

Bitumen content j 

1 . 

b 5 

8.0 


After having been dried for twenty-four (24) hours at a temperature of 
150°!'.. the blocks shall not absorb more than one (i) per cent of water 
based on the weight after drying, when immersed in water lor seven (?) days. 

The average penetration of the block under the punch test shall not exceed 
0.25 in. at ioo°F., and i.oo in. at 1 

lilocks which have the corners or edges broken ofT of one end only and will 
pass the other requirements giving hereinabove, may be used for half blocks 
adjacent to curb, for bicaking courses, and in making closures. 

In addition to the above recjuirements, the block must be prepared by a 
manufacturer or producer wdio is experienced in the preparation of such 
blocks. Before approval by the engineer of any blocks of this type, the 
manufacturer or producer thereof must submit a statement giving the loca¬ 
tions of tw'o or more pavements that arc five (s) years or more old, have 
given good .service during this time, do not show evidence of an unnatural 
wear or deterioration, and were constructed of paving blocks of the type 
herein specified. 

Each consignment or carload shall be sampled in such a manner that each 
sample represents about ten thousand (10.000) blocks. The blocks .selected 
for the samples shall be taken at random from the .shipment and shall repre¬ 
sent the average quality of blocks contained in the consignment. In case 
the blocks fail to pass the tests herein specified, a check analysis shall be 
made on another sample similarly selected. If the check sample passes the 
requirements above specified, the shipment or consignment shall be accepted, 
otherwise rejected, unle.s8 the engineer shall agree to resample the 
consignment. 

X13O. Wooden Blocks. —All wooden blocks used for paving purposes 
shall be creosoted in the manner designed below, and comply with the other 
reauirements given. 

QuaUty of XVood for Blocks. —The lumber to be used in manufacturing 
blo^s shall be Southern yellow pine, Norway pine, Douglas fir, tamarack, 
black gum, or hemlock, but only one kind shall be used on any one section 
of pavement. 
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The blocks shall be sound and shall be well manufactured, square butted, 
square edged, free from unsound, loose, or hollow knots, knot holes, worm 
holes, and other defects such as shakes, checks, etc., which would be injurious 
to the blocks. 

The number of annual rings in the one (i) inch measured radially, which 
begins two (2) inches from the pith of the block, shall not be less than six 
( 6 ), provided, however, that blocks containing between five (5) and six ( 6 ) 
rinM in this inch will be accepted if they contain thirty-three and one-third 
(33H.) per cent or more of summer wood. In case the block does not contain 
the pith, the one (i) inch to be used shall begin one (i) inch from the ring 
which has the shortest radius. When being treated the blocks in each 
charge shall contain an average of at least seventy (70) per cent of heart 
wood. No one block shall be accepted that contains less than fifty (50) 
per cent of heart wood. 

Size of Block. —Blocks shall be from five (s) to ten (10) inches in length, 
but shall have an average length of twice the depth; they may be from three 
(3) to four (4) inches in width, and three (3), three and one-half (3H) or 
four (4) inches in depth, as specified. Only block of a single width shall be 
used in a section of pavement. A variation of one-sixteenth CM s) of an inch 
shall be allowed in the depth, and one-eighth OO inch in the width 
of the block. 

Properties of Preservatives. —The preservative to be used in manufacturing 
of block shall be a coal-tar distillate or a coal-tar paving oil, complying with 
the requirements given therefor. The preservatives used shall be designated 
by the en^neer, but only one preservative shall be used on any one contract. 

Inspection of Preservative. —The manufacturer of the blocks shall permit 
complete sampling at all times and places, and shall furnish, if required, 
satisfactory proof of the origin of the preservative. Samples of the preserva¬ 
tive, taken from the treating tank during treatment, at no time shall show 
an accumulation of more than two (2) per cent of sawdust, dirt, or other 
foreign materials. Due allowance shall lie made for such accumulation of 
foreign materials by injecting an additional quantity of preservative into the 
bloclu. 

Treatment of Blocks. —The blocks shall be treated with the preservative 
underpressure so that they shall contain not le.ss than sixteen (16) pounds 
per cubic foot, and at no time shall be subjected to a temperature of more 
than tw'o hundred and forty (240) degrees Fahrenheit. They shall show 
satisfactory penetration of the preservative after treatment. All blocks 
which have ^corae warped, checked or otherwise injured in the process of 
treatment will be rejected. 

Inspection of Blocks. —The blocks will be subjected to inspection before, 
during and after treatment and may be reinspccted at any time. The plant 
shall be equipped with gages and appliances necessary for suitable inspection 
and every facility for this inspection shall be afforded. 

Handling of Blocks. —The blocks at all times shall be kept clean, piled 
neatly and shall be handled carefully, as blocks otherwise acceptable may be 
rejected if they become coated with dirt. 

1x4. Pipes 

All pipe of anv given type, grade, or size must be uniform in appearance, 
composition, and texture. The smallest inside diameter shall be the govern¬ 
ing size. Unless otherwise specified, all lengths must be straight, true to 
form, with circular cross-sections, and free from cracks, holes, ragged chips, 
or broken ends. No culls, second grade, used or second-hand, injured or 
defective pipe shall be used, or other grades or sizes substituted for those 
specified. No pipe shall be used until approved by the engineer. Whenever 
possible, the manufacturer should have consignments inspected and approved 
before shipment. 

114A. Drain Tile.—The pipe used for drain tile shall be cither vitrified 
tile or machine-made concrete pipe, unless otherwise shown on plans. 

Vitrified pipe shall be of the best-grade, first-quality, salt-glazed pipe of 
the hub-and-spigot type. The grazing shall extend uniformly over botn the 
exterior and interior surfaces. It shall be uniformly and thoroughly burned, 
free from blisters, cracks, or other defects that will injure it for the purpose 
intended. The dry pipe must give a clear, metallic ring when tapped. 
It shall be furnished in lengths of not less than twenty-four (24) inches. 
The inside diameter shall be the determining size. Unless otherwise speci¬ 
fied, all lengths must be straight. When required, curved or special forms of 
pipe shall be furnished. 
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Concrete drain i>ipe shall be made of the same materials and in the manner 
spccihed for machine-made reinforced concrete pipe, given below, with the 
exception that no reinforcing metal is required and the ultimate strength of 
pipe shall be 1000 D. The dimensions lor this kind of pipe shall conform 
to the A. S. T. M. requirements, Serial Designation C14-21. 

XX4B. Cast-iron Pipe.—All cast-iron pipe shall be of the hub-and-spigot 
style. It shall be manufactured in the lengths spxjcified. When no length 
is designated, it shall be manufactured, in lengths not less than three (3) 
feet nor more than twelve (12) feet. Unless otherwise specified, each length 
shall have square ends, be straight in the direction of the cylinder and the 
inner and outer surfaces shall be concentric and true circles in cross-section. 
All pipe shall be smooth, free from scales, lumps, blisters, cracks, broken ends, 
or other defects considered injurious for the use intended. Small sand- or 
blow-holes will not be considered defects. Each joint shall have the maker’s 
initials cast upon it in raised letters. 

All cast-iron pipe shall be made from first quality cast iron which is free 
from clinker iron or other inferior iron. It must produce a sound, tough, 
durable casting, having a uniform, even grain that is soft enough to admit 
satisfactorily of drilling and cutting. 

Either cast-iron water pipe. Grade A, or cast-iron culvert pip>e will be 
accepted provided it complies with the requirements given above and its 
weignt per lineal foot is not less than that given below for the different sizes. 


Nominal inside diam¬ 
eter, inches 

Thickness, inches 

Weight i>er lineal foot, 
pound 

4 

0 42 

20.0 

6 

0 44 

30.8 

8 

0.46 

42.9 

10 

0 50 

57.1 

12 

0 54 

72.5 


0 57 

89.6 

16 

0 60 

108.3 

18 1 

0 64 

129 2 

20 

0 67 

150.0 

24 

0 76 

204.2 

JO 

0.88 

291.7 

36 1 

0 99 

391.7 


No pipe will be accepted, the weight of which shall be five (5) per cent 
less than the weights herein specified. 

Each section of cast-iron pipe shall be coated inside and outside with coal- 
tar pitch varnish to which sufficient linseed oil has been added to make a 
smooth coat, tough and tenacious when cold, with no tendency to scale off. 

114C, Corrugated Sheet Iron or Steel. Size and Shape .—Each joint 
shall have square ends, be circular in form and of the size and length indi¬ 
cated on plans. When no particular length of joint is indicated, the pipe 
shall be snipped in standard lengths of the required size. The inlet and 
outlet ends snail be reinforced by a round rod not less than one-half (>^) 
inch in diameter. Sufficient metal shall be lapped over this rod to cover it 
completely. Each joint shall bo firmly and neatly riveted together, the 
rivets being spaced not over three (3) inches apart in longitudinal seams, 
nor more than eight (8) inches apart in circumferential seams. The metal 
shall be lapped not less than one and one-half (iH) inches in longitudinal 
seams nor less than one (i) corrugation in circumferential seams. 

Composition of Materials Used .—All corrugated pipe shall be manu¬ 
factured from galvanized sheets of iron or steel that were prepared from 
cither a pure-iron or a copper-bearing pure-iron steel. These sheets must 
be uniform in thickness, and free from blisters, scales, or other defects 
which will injure them for galvanizing. All rivets, reinforcing rods, and 
couplings or connecting bands shall be made from the same grade metal as 
the body of the pipe. 

Pure iron shall be so refined that it shall have an iron content of not less 
than ninety-nine and seventy-nine hundredths (99>79) per cent, copper¬ 
bearing pure iron, not less than 99-7S per cent and not less than o.ao per 
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cent of copper. Copper steel shall be so prepared that it shall contain not 
less than three-tenths (0.3) of one (i) per cent of copper nor more than 
fifteen hundredths (o.is) per cent of carbon, five hundredths (0.05) per 
cent of sulphur, four hundredths (0.04) per cent phosphorus, and from 
thirty hundreths (0.30) to forty-five hundredths (0.45) per cent manganese. 

Galvanizing. —All sheet metal used in the manufacture of corrupted 
pipe shall be galvanized on both sides by the hot-dipping process. Each 
square foot of uncorrugated sheet shall contain not less than two (2) ounces 
of spelter, evenly distributed over both surfaces. The zinc coating must be 
uniform in thickness, complctelv cover both sides, firmly adhere thereto, 
and be free from imperfections of any kind, and show no signs of cracking or 
blistering. All rivets, reinforcing rods, and couplings or connecting bands 
shall be galvanized in the same manner as the sheets. 

Corrugation. —The corrugations of any one given size of pipe shall be 
uniform but must not be less than three-eighths inch in depth, nor 

more than three (3) inches from center to center. 

Gages of Sheets Required. —Corrugated metal pipe shall be made of sheets 
of the following thickness (U. S. Standard Gage Measure): 

Diameter Gage 

Pipe from 12 to 20 in. shall not be lighter than lO 

Pipe from 24 to 30 in. shall not he lighter than is 

Pipe from 36 to 42 in. shall not be lighter than 14 

Pipe from 48 to 60 in. shall not be lighter than 12 

IX4D. Reinforced Concrete Pipe. Type of Pipe. —Reinforced concrete 
pipe may be either cast or machine made. Each type shall conform in 
size, shape and reinforcement to the standards as shown in the table forming 
a part in these specifications. The letter C or M shall be plainly impressed 
upon the outside surface of each length of pipe to designate whether it is 
cast or machine-made respectively. Each length of pipe shall also be 
clearly marked with the date of manufacture ami the name or trade-mark 
of the manufacturer. 

Shape. —All concrete pipe 12 in. or over in diameter shall be reinforced as 
herein specified and lx; of the bell-and-spigot type unless some other type is 
specified or shown on the plan. Each section shall have square ends, be 
circular or elliptical in cross-section, unless otherwise .specined. and have 
walls of uniform thickness throughout except the bell end, which shall 
have a thickness of not less than three-fourths of the wall thickness at a 
point in. from the end of the lx;ll. 

Site. —It shall be cast in sections, the length of which shall be as herein 
specified or shown on plans. When no particular length is .specified, the 
pipes shall be manufactured in standard lengths of not less than four (4) 
feet, nor more than six (6) feet. The smallest inside diameter shall govern 
in deciding the sizes of any given pipe. 

Joints. —The bell end shall be .so constrcicted that the spigot end will 
enter to full depth. The distance the spigot end must enter freely shall be 
as follows: 12- to i8-in. pipes not lcs.s than two and one-half (2>'i) inches; 
18- to 30-in. pipe, not less than three (3) inches; and 30- to 72-in. pipe, not 
less than three and one-half (3H) inches. 

Finish. —The surface of all pipe, both interior and exterior shall lx; smooth 
and even, of uniform texture, free from surface checks, cracks, blisters, 
fractures, laminations, lean and porous spots. The pipe shall be true to 
dimensions intended in the design with a permissible variation from the 
true form of not more than iH per cent. The shell of the pipe may be 
thicker than called for in the designs, but it shall not be less than the desig¬ 
nated shell thickness by more than S per cent. 

Composition. —Concrete pipe shall be prejmred from a concrete mortar 
having the following composition: 

Portland cement. i part by volume 

Fine aggregate. i to 2 parts by volume 

Coarse aggregate. 3 parts by volume 

and sufficient reinforcing metal to meet the requirements given below. 

Materials. —The Portland cement shall comply with the requirements 
give in Article 96. The fine aggrej^atc shall be concrete sand, complying 
with the requirements given in Article 95-B. The coarse aggregate shall 
be dustless screenings prepared from trap rock, dolomite or pea gravel as 
defined in Articles 9a and 94 respectively. 
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The reinforcing metal shall be woven wire mesh, exMnded metal, rods, 
hoops, or spirals manufactured from billet steel whicn complies with the 
requirements specified therefor by the A. S. T. M. Standards, Serial Desig¬ 
nation A 15-14- It must be free from grease, dirt, rust, or any foreign 
material that will prevent the concrete from properly adhering thereto. 

Preparation .—Concrete pipe shall be prepared from the materials above 
specified. Each length shall be cast in a single operation. The molds 
must be properly assembled, cleaned, and oiled when so ordered before any 
concrete mortar is placed therein. The reinforcing metal must be so held 
in the required position that it will not be displaced during manufacture 
of the pipe. For cast pipe the forms shall not be removxd until the con¬ 
crete is at least twelve (12) hours old. and after removal unless steam cured, 
the pipe must be covered and be kept wet at least ten (10) days. Pi^ 
manufactured when the atmospheric temperature may drop below 3S°F. 
must be so protected that the concrete threin will not at any time have a 
temperature below 35‘’F., until the concrete is at least seven (7) days old. 
Pipe shall not lx* shiiipcd for use that is loss than fourteen (14) days old. 

Reinforcement .—All pipe shall be reinforced as herein specified. Pipe 
under thirty (30) inches in diameter shall have a single line of reinforcement, 
thirty (30) inches anti above, two lines of reinforcements as shown in the 
table tMjlow or an approved method of reinforcement developing equivalent 
strength. 

Single lines of reinforcement shall be placed at equal distances from the 
inside .and outside surfaces of the piix;. 

Double lines of reinforcement snail be placed parallel to each other and 
one (i) inch from the inside and outside surface walls of the pipe, other 
reauirements to be as above defined for single-line reinforcements. 

Longitudinal reinforcement sliall extend full length of each section and 
into the bell, and shall be wired or otherwise securely fastened to the body 
and bell reinforcement. 

Circular reinforcement shall extend completely around the pij^ and have 
adjacent lap not less than forty diameters of the circular reinforcement 
and be firmly fastened together. 

The thickness of the pqx* walls and total cross-sectional area of circular 
and longitudinal reinforcement for the different sizes of the pipe shall be 
not less than those shown in the table given below: 


Diam¬ 
eter 
of pipe, 
inches 

Cast pipe 

Machine-made pipe 

Longitudinal 

reinforcing 

Shell 

thick¬ 

ness, 

inches 

Minimum 
area of circu¬ 
lar reinforc¬ 
ing pt‘r foot 
of pipe 

Shell 

thick¬ 

ness, 

inches 

Minimum 
area of circu¬ 
lar reinforc¬ 
ing per foot 
of pipe 

Mini¬ 
mum 
numlier 
of long 

Mini¬ 

mum 

total 

area 

long 

12 

2 

0,070 


0 093 

4 

0.196 

15 


0.096 

iH 

0.123 

4 

0.19b 

18 

2^4 

0.123 

2 

0.160 

4 

0.16 

34 

3 

0.180 

3H 

0.220 

4 

0.196 

30 

3 H 

2 X 0.167 

3 

2X0.210 

8 

0. 92 

36 

4 ^ 

2X0.200 

3 

2 X 0.300 

8 

0.614 

43 

4 H 

2 X 0.230 

sH 

2 X 0.320 

8 

0.614 

48 

5 

2X0.26s 

4 1 

2 X 0.350 

8 

1.200 

.^4 

5 H 

2 X 0.300 

aH 

2 X 0.390 

12 

1.326 

60 

6 

2X0 330 

5 

2 X 0.410 

12 

1.336 


Strength .—When supported at the bottom upon a knife edge one (i) inch 
in width, or upon two rounded bearings centered two (2) inches apart, in 
such manner than an even bearing is provided throughout the whole len^h, 
exclusive of the bell, and load is applied at the crown through a similar 
knife edge, all pipe twenty-four (24) inches in diameter and greater shall 
withstand, without the appearance of a visible crack extending through the 
entire length of the pipe, a load of xooo D lb. per lineal foot of laying length; 
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all pipe of a diameter less than 24 in. when tested in a similar manner shall 
withstand a load of 1330 lb., as specified for larger sixe pipe. When tested 
to destruction, all pipe of twenty-four (24) inches diameter and greater shall 
show an ultimate strength of not less than 1500 D lb. per lineal foot of 
laying length; all pipe of a diameter less than twenty-four (24) inches shall, 
in a similar manner, show an ultimate strength of not less than 2000 D lb. 
per lineal foot of laying length. In the above expression of load D is the 
inside diameter of the pipe in feet. 

Absorption .—The maximum average absorption as obtained by the 
A. S. T. M. standard boiling test shall not exceed eight (8) per cent by weight. 

Testing .—Each manufacturer furnishing pipe under these specifications 
shall be fully equipped to carry out the tests herein designated. Upon the 
demand of the department and under its supervision, the manufacturer 
shall perform such number of tests as the department may deem necessary 
to establish the quality of the pipe offered for its use. Failure of any size 
of pipe to meet the test requirements shall be sufficient cause for rejection 
of all pipes of that size, which the test si>ecimen represents. 

Inspection .—All pipes shall be subject to inspection at the factory, or 
point of delivery, by a competent insi)ector employed by the department. 
The purposes of the inspection shall be to cull and reject pipes which, inde¬ 
pendent of the physical te^^ts herein specified, fail to meet the requirements 
of these specifications and rejection through inspection may be made on 
account of any of the following: 

(a) Porous spots on either inside or outside surface of pipe having an 
area of more than ten (10) square inches and a depth of more than one- 
half inch. 

(b) Pipes which have been patched to repair porous sixits, cracks or other 
defects. 

(c) Variations in any dimension exceeding the permissible variations. 

(a) Fractures or cracks passing through the body or bell, except that a 
single crack at either end of pipe not exceeding three inches in length or a 
single fracture in the bell not exceeding two inches m depth nor extendinjg; more 
than 10 per cent around the circumference of the bell will not be considered 
cause for rejection. 

(e) Failure to give a clear ringing sound when tapped with a light hammer. 

(/) Exposure of the reinforcement when such exposure would indicate 
that the reinforcement was misplaced. 

(g) In machine-made pipe the entire absence from the exterior surface 
of a pipe of the characteristic water marks due to suction, caused by the 
removal of the outer form, shall be considered proof of an insufficient quan¬ 
tity of mixing water and shall be sufficient cause for rejection of such pipe. 

Vitrified Pipe 

Vitrified jApe shall be double-stren^h. salt-glazed, vitrified, stoneware 
sewer pipe of the first quality (for dimensions and weights, seep. 1084). 
The item will include the furnishing delivering, handling, laying, and cement¬ 
ing of joints; also the operations of excavating the trench, bracing, sheeting, 
or otherwise supporting the sides, grading and preparing the bottom, back¬ 
filling and compacting to the original surface, and the removal of all surplus 
material. 

115. Reinforcing Metal 

All reinforcing metal shall l>c made from open-hearth or Bessemer steel, 
complying with the A. S. T. M. standard requirements of tentative stand¬ 
ards for the type of steel from which the reinforcing metal is required to bo 
made. 

When any special design, shape, or form of reinforcing metal is specified 
to be used, the same shall i>c used in the manner and in the quantity required. 
All reinforcement shall l>c placed as shown or as otherwise ordered by the 
engineer. It must be free from rust, paints, oils, grease, or other foreign 
materials that will prevent the proper bond being secured between the 
concrete and the metal. All reinforcement must be straight unless curved 
or special shapes arc required. When so required, they must have the 
designated shape when used. 

When reinforcing bars or rods have to be spliced, the lap shall be not 
less than forty (40) diameters for deformed rods, or fifty (50) diameters for 
plain rods. The lapped ends shall be firmly clamped together or other¬ 
wise securely fastened in a manner satisfactory to the engineer. AU bars 
or rods shall be firmly and securely fastened together in a satisfactory man- 
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ner at all intersections. At intersections the members in reinforcing fabric 
shall be welded or otherwise securely fastened. 

Z16. Structural Steel 

Structural steel shall be prepared from a steel that complies with the 
requirements given in Volume 16, Part i of the A. S. T. M., pages 99 and 
III to 11 3. A coupon giving the analysis of the Melt Numb.^r from which 
the steel forms or structures were made shall be furnished with each shipment. 

Whenever any special forms or shai>es arc specified to be used, the steel 
shall be made to conform to such shapes and dimensions. The methods 
used in manufacturing the steel into the forms required shall be such that 
the steel is not injured thereby. All shearing and chipping shall be neatly 
and accurately done, and all portions of the steel which will be exposed 
to view must be neatly finished. All holes must be neatly punched and 
riveting and bolting performed in a workmanlike manner. Undersized 
holes shall be reamed to size. All pins and rivets must be full size and fit 
accurately at normal temperature. 

All structural steel must be protected from the weather and have clean 
surfaces before being worked into the proper shapes or forms. When 
structures are required to l>e painted before shipment, the surfaces must be 
cleaned and given a coat of an approved paint. 

117. Miscellaneous Iron and Steel 

All cast-iron, malleable-iron, or cast-steel castings shall be prepared in 
the manner and from a metal which complies with the A. S. T. M. require¬ 
ments as defined in the 1918 Year Book, pa^es 406, 403. and 220 respectively. 

When any special size, shape, or form is specified to be used, the cast¬ 
ing must comply with these dimensions. All castings must have the weight 
and thickness of metal as specified or shown on plans. They must be 
neatly finished, free from fins, broken edges, blow-holes, cracked sections, 
or warped surfaces. They must be properly protected during shipment 
and painted when so specified. 

X18. Guard Rails 

Guard rails shall be made either of wood or galvanized pipe as specified. 
The dimensions or sizes of materials to be used therefor shall oe as specified. 
When no definite size or character of material as specified for a given type of 
guard rail, the material furnished shall comply with the requirements 
given below for such materials. 

118A. Wooden Guard Rails.—The lumber used in all wooden guard rails 
shall be well sea.soned, straight grained, sound, surfaced on all sides and 
be free from shattered or cracked ends, barked edges, loose or unsound 
knots, and reasonably free from other knots. 

The wooden rails shall be made from long-leaf yellow pine, chestnut, or 
oak. The top rails or caps shall l>e two-inch plank, eight (8) inches wide, six¬ 
teen (16) feet long. The bottom rail shall be two-inch plank ten (10) inches 
wide, and sixteen (16) feet long. All rail plank must have square ends for 
the full width of the plank. Rails and caps shall have their joints on alter¬ 
nate posts. 

Posts shall be made from chestnut, oak, locust, white or red cedar. They 
shall not be less than seven (7) feet in length, six (6) inches square, have 
the top ends cut to the bevel required, the lower end off square, and the 
lower tour (4) feet treated. The treatment shall consist of immersing the 
posts in a bath of hot tar. The tar used for this purpose shall be Grade 
A or U*. as defined in Articles lOoA and looB. The tar shall be heated 
between 225 and 275®F., and kept at this temperature during the treatment 
of the posts. 

The posts shall be placed in a vertical ixisition in the hot tar for not less 
than thirty (30) minutes, or as much longer as is needed to heat the lower 
four (4) feet of the posts to the same temperature as the tar. Immediately 
upon removing from the hot tar, it shall be immersed in a bath of cold 
tar of the same grade until cooled to normal temperature. The portion of 
the posts treated shall be slightly in excess of the depth that the posts will 
he placed in the ground, but m no case shall the treatment extend more than 
six (6) inches above the ground. 

tXBB. GalTtnixed Pipe Rails. —All pipe shall be made from the lest 
mde of galvanised wrought-iron pipe that is equal in every respect to the 
best grade of “Byers* wrought-iron ralvanized pipe.” All such pipe must 
have an even, smooth surface, be full weight and thickness, well threaded. 
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and free from rust or cracks. All fittings used in pipe guard railing, shall 
be galvanized and made from malleable iron that is free trom flaws, cracks, 
etc. They shall be neatly threaded or bored to the required size needed 
for the proper installation of the pipe. 

Steel Cable 

Cable shall be three-strand, seven wire to the strand, double-galvanized, 
steel-wire cable of ^4'' diameter. Individual wires shall be not less than 
0.120'' diameter. 

The minimum tensile strength of the rope shall be 15.000 lb. 

Each wire of the cable and all fittings and fastenings, except threaded 
portions, shall be galvanized by the “hot dip method" and shall have a 
continuous coating of pure zinc of a uniform thickness, so applied that it will 
adhere firmly to the surface of the wire, an*! it shall be ca])able of withstand¬ 
ing four immersions in a standard testing solution of cojjper sulphate without 
showing any trace of metallic copper on the steel. The first three immersions 
shall be for a period of 1 mm. each and the fourth immersion for a period of 
yi min. 

The threaded portions of all fittings and fastenings shall liavc a continuous 
coating of pure zinc of a uniform thickness, so ai>plicd that it will adhere 
firmly to the surface of the thread, and it shall he capable of withstanding two 
immersions, of i min. each, in a standard testing solution of copper sulphate 
without showing any trace of metallic copper on the steel. 

These threaded portions shall receive, after erection, tw'o C('>ats of aluminum 
paint meeting the requirements under NlatehaUs of Construction. 

I IQ. Timber and Lumber 

General.—All timl>cr or lumber shall be well seasoned, straight grained, 
sound, free from loose knots, worm holes, s}'.atterc<l or cracked ends, barked 
edges, or other defects that impair its strength or durability for the u.sc 
intended. It rnust be cut or sawed to the specifie*! size and dimensions, 
and when painting is requirerl, must bo surfaced on all faces to be painted. 
It must be of sufficient length to give square ends for full width of the length 
specified. 

When a special kind or grade of limber or lumber is si>ecificd, this kind 
or grade must be furnished. When no kind or grade is specified, the wood 
may be white oak, chestnut, long leaf yc!lo%v pine. 1 iml er for use as 

C iling must withstand the speci* cd <!ri\ing witli(.)Ut spreading or excess 
rooming of the head. It must be nf»t less than six (b) inches in diameter 
at the point or ten (10) inches at the butt. It must have a uniform taper 
from butt to tip. have the bark removed, be free from .short bends, and a 
straight line from the center of the butt to the center of the tip shall lie 
wholly within the body of the pile. All knots or blemishes must be trim¬ 
med off close and even with the body of the jale. The lower ends shall be 
cut square or tapered as may be directed by the engineer. 

Timber or lumber to be creosoted, unless otherwise specified, shall com¬ 
ply with the requirements givm above and shall be long-Icaf yellow pine. 
It must be treated with the creosote oil described in paragraph 102, and 
the treatment so performed that the wood wall absorb not less than twelve 
(12) p<junds of oil per cubic foot for lumber having a minimum cross-section 
not oyer four (4) inches, or eight (8) pounds per culac foot for lumf>er having 
a minimum cross-section of not less than six (6) inches. 

Log Cribbing (U, S. Forest Road Specifications) 

Log cribbing shall l)e built to the lines and grades given by the enj^incor 
and constructed in conformity with the plans or as directed hy the engineer. 

Materials.—The contractor shall secure and prepare or shall furnish at 
his own expense all necessary logs, timlxrr, hardware, etc., under the condi¬ 
tions and as called for under the heading "Material" for "Log Bridges." 

Construction.—The cribbing shall be supported on mudsills with flattened 
lower surfaces placed as showm on the plans. 

All logs, inc.uding face logs, tic logs, mudsills and anchor logs, shall be 
properly notched together and drift bolted as shown on the plans. 

The minimum lengths and sizes of logs shall be as shown on the plans. 
Each course of logs shall break joint with the adjacent courses. The lengths 
of tie logs required for the proper support and anchorage of the cribbing 
shall be as determined by the engineer. 

The face and tic logs are to be so notched together, and hewn if necessary, 
that the face logs will be in contact with each other throughout their entire 
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length, except that in case a satisfactory rock backfill is placed against the 
face logs the engineer may permit open spaces not exceeding 4 inches in 
width between the face logs. When permission to use such spaces is given, 
the rock backfill shall be carefully placed, using the larger rocks adjacent 
to the logs and backing up with the smaller rocks in such manner that earth 
and finer material will not escape or be washed out. 

Payment. —Payment will be made by the linear foot of face logs in place 
complete at the unit bid price, which price shall include the fumishing and 
placing of transverse mudsills, tie logs, anchor logs and drift bolts. Such 
unit bid price shall be payment in full for all materials, labor, excavation, 
backfilling and incidental work required for the construction of the cribbing 
complete. The measurement of log cribbing shall include only the linear 
feet of face logs, or longitudinal mudsills when such are used, and will not 
include transverse mudsills, tie logs or anchor logs. 

120. Paints 

120A. General. —All paints shall be shipped in strong, substantial con¬ 
tainers, plainly marked with the name and weigh tof paint content, and 
name and address of the manufacturer. When so requested, samples and 
analysis of all iiigmcnts, oils, Ihinners, or driers used, or paints furnished 
shall be supplied by the manufacturer within ten (10) days after request is 
made thereior. 

Paints shall consist of pigments of the required fineness and composition, 
ground to the desired consistency in raw or boiled linseed oil, to which shall 
be added additional oil, and a thinner, or a drier, or both. All pigments, 
oils, thinners, and driers used shall be of the best quality, free from adulter¬ 
ants of any kind, and shall comply with the requirements given below for 
these materials. 

I2oB. Paint Paste. —All paint paste shall consist of the specified pig¬ 
ment or pigments ground in linseed oil to the required consistency. The 
paste must be so prepared that it is uniform in composition and consistency, 
will not cake or segregate in the retainers, and will easily break up in oil 
to form a smooth, uniform paint of brushing consistency which will not run 
nor sag. The color, hiding power, and weight per gallon when specified 
shall be the same or equal to the approved sample. 

laoC. Ready Mixed Paints. —To prepare a paint so that it will have the 
required consistency and curing properties for the use intended, the paste 
shall be mixed with sufficient linseed oil, turpentine, and drier to produce a 
paint having these properties. Unless otherwise specified, the exact quan¬ 
tity of linseed oil, turpentine, and drier required for this purpose shall be 
determined by the engineer. 

120D. Raw and Boiled Linseed Oil. —Raw’ linseed oil must be strictly 

f )ure, well-settled linseed oil, perfectly clear and not show any sediment or 
OSS of more than two-tenths (0.2) per cent when heated for one-half (H) 
hour at temperature between 105 and 130®C. 

Boiled lin.sccd oil shall he made by heating the raw linseed oil to at least 
350®F., with oxides of lead and nianganosc for a sufficient length of time to 
secure the proper combination of the constituents. After this it shall be 
properly clarified by .settling or other suitable treatment. 

The oil shall l>e rejected if it-show’s the presence of any foreign matter, 
other than lead or manganese or compounds of these metals. 

Raw and boiled linseed oil shall conform to the following requirements: 


Material 

Raw linseed oil 

Boiled linseed oilj 


Mini- 

Maxi- 

Mini- 

Maxi- 

Tests j 

mum 

mum 

mum 

mum 

I. Specific gravity at is.5®C./i5.5°C. 

0 032 

o.93fi 

0.937 

0.94s 

3. Acid numl>er. 


6.00 


8.00 

3. Saponification numlxir. 

i8g 

IQS 

i8q 

195 

4. Unsaponificablc matter, per cent.. 


I SO 


1.50 

5. Refractive index at 25®C. 

1.479 

1.480s 

1.479 

1.484 

6. Iodine number (Hanus). 

180 


178 


7- Ash, per cent. 



0.2 

0.7 

8. Manganese, percent. 



0.03 


9. Calcium, per cent. 




0.3 

10. Lead, per cent. 



0 I 

1 
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120B. Turpentine or Thinner.—Turpentine shall be the distillate com¬ 
monly known as Gum Turpentine or Spirits of Turpentine which is distilled 
from pine oleoresins or the product secured from resinous wood by extraction 
with volatile solvents, by steam or by destructive distillation. Either or 
both of these two products; gum spirits or wood turi)entine, shall be fur¬ 
nished for use when so specified. 

The turpentine shall be clear and free from suspended matter and water. 

The color shall be Standard or better. 

The specific gravity shall not be less than o.86a nor more than 0.87a at 

is.s°c. 

The refractive index at is.s“C. shall not be less than 1.468 nor more than 
1.478. 

The initial boiling point shall not be less than 150 nor more thani6o®C. 

Ninety (90) per cent of the turpentine shall distil below i7o°C. 

The polymerization residue shall not exceed two (2) per cent, and its 
refractive index at is.5®C. shall not be less than 1.500. 

laoP. Dder.—The drier shall be composed of lead and manganese oxides 
in combination with pure linseed oil and solvent. It must be free from 
adulterants, sediment and suspended matter. It shall not flash below 9S°F. 
in an open tester or 72®F. in a closed .A.bel tester. 

laoG. Pure White Lead. Dry Pigments. —The pigment shall be a pure 
basic carbonate of lead of the formula 2PbCOjPbOHj. containing sixty-five 
(6s) to seventy-five (75) per cent of lead carbonate, and not more than two 
(2) per cent of total impurities, including moisture. It shall be gfround to 
such fineness that it will all ijass a 200-mesh sieve and contain no more 
than two (2) per cent material retained on a 32S-mesh sieve. 

Paste .—The paste shall be the dry pigment ground in oil in the manner 
specified above. It shall consist of: 



Percentages 

Minimum ■ 

Maximum 

Pigment. 

90 

92.0 

Linseed oil. 

8 

10.0 

Moisture and other volatile matter. 


0.7 

Coarse particles and “.skins" (total residue 



retained on a 32S-mcsh sieve based on pig¬ 



ment) . 


2.0 


Ready-mixed Paint .—The ready-mixed paint shall be prepared from the 
paste in the manner specified above. 

zaoH. P^ro Zinc-oxide Paint. Dry Pigment .—The dry pigment shall 
consist of pure oxide of zinc which shall contain not less than ninety-eight 
(98) per cent of zinc oxide nor more than two-tenths (0.2) per cent of 
sulphur or two (2) per cent of total impurities including moisture. The 
pigment shall be so ground that it will all pass a 200-mcr.h sieve. 

Paste .—The paste shall be the dry pigment ground in oil as above specified. 
It shall consist of: 



Percentages 

Minimum 

Maximum 

Pigment. 

82 

86.0 

Linseed oil. 

U 

18.0 

Coarse particles and “skins’* (total residue 



left on a aoo-mesh sieve^ based on pigment) 


o.s 

Moisture and other volatile matter. 


0.5 
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Ready^mixed Paitil.—The ready-mixed paint shall be prepared from the 
paste in the manner SMcified above. 

xaol. Red Lead. Dry Pigment .—The dry pigment shall consist entirely 
of the oxides of lead which shall contain from eighty-five (85) to ninety-five 
(9S) per cent of PB1O4, not more than one (i) per cent of total impurities 
ana shall be so ground that not more than three-tenths (0.3) per cent is 
retained on a 200-mesh sieve. 

Paste ,—The paste shall be the pigment ground in oil as above specified. 
It shall consist of: 



Percentages 


Minimum 

Maximum 

Pigment. 

92 

940 

Linseed oil . . 

6 

8.0 

Moisture and other volatile matter. 


0.5 

Coarse particles and “skins” (total residue 
left on a 200-mesh sieve). 


O.S 


Ready-mixed Paint .—The ready-mixed paint shall be prepared from the 
paste in the manner specified above. 

The resulting paint, when mixed in the proportions given l^low and 
brushed 00 a smooth, vertical, iron surface, shall dry hard and elastic without 
running, streaking, or sagging. 

Red-lead paste. 20 lb. 

Raw linseed oil. 4H pt. 

Turpentine. 2 gills 

Liquid drier. 2 gills 

X20j. Leaded Zinc Oxide. Dry Pigment .—The dry pigment shall be a 
pure line oxide and a normal or basic lead sulphate^ The pigment shall be 
so ground that it will all ^ss a 200-mcsh sieve and the zinc oxide shall not 
contain more than one (i) per cent of soluble salts nor more than one and 
five-tenths (1.5) per cent of total impurities including moisture. 

This type of paint shall be divided into two brands. High Leaded and Low 
Leaded. The high-leaded paint shall contain not less than sixty (60) per 
cent of zinc oxide and the low-leaded paint not less than ninety-three (93) 
cent of zinc oxide, the remaining pigment in each case to be a normal or 
basic lead sulphate. 

Paste .—The paste shall be the dry pigment ground in oil as above specified. 
It shall consist of: 



Percentages 


Minimum 

Maximum 

Pigment. 


88.0 

Linseed oil. 

12.0 


Moisture and other volatile matter. 


0.5 

Coarse particles and “skins” (total residue 
left on a aoo-mesh sieve based on pigment) 


O.S 


Raady-mixed Paint .—The ready-mixed paint shall be prepared from the 
paitc in the manner specified above. 
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X 3 oK» White Basic Sulphide. Dry Pigment .—The mgment shall be 
the sublimated product prepared from lead sulphide ores. The pigment shall 
be 80 ground that it will all pass a 200-mesh sieve, contain not more than 
five-tenths (0.5) per cent of material retained on a 32S-mesh sieve and have 
the following composition: 

Lead oxide. eleven (ii) to eighteen (18) per cent 

Zinc oxide. . not more than nine (9) percent 

Total impurities, including moisture.not more than one (i) per cent 

The remainder shall be lead sulphide. 

Paste .—The paste shall be the pigment ground in oil as above specified. 
It shall consist of: 



Percentages 


Minimum 

Maximum 

Pigment. 

80 

91.0 

Linseed oil ... ... 

y 

11.0 

.Moisture and other vo alile matter 

Coarse particles and “skins’ (.total re.utluc 
retained on a 325-mc.sh .sieve, based on 


0.7 

p gment). . 


0,5 


Ready^mixed Paint —The rea«ly-niixed paint shall be prepared from the 
paste in the manner spccit'c<l above. 

120L. Tinted Paint with White Base. Dry Pigment .—The ingredients 
used in preparing this pigment shall comply with the ror4uirements given 
above for said ingredients. The pigments shall be composed of: 


1 

1 

1 

Percentages 


Minimum 

Maximum 

1 

White lead (ba.sic carbonate, basic sulphate, 
or a mixture thereof). 

4.5 

70 

Ziric oxide (ZnO). 

30 

55 

Silica, magnesium silicate, aluminum silicate, 
barium sulphate, pure tinting colors, or 
any mixture thereof. 

! 0 

1 

IS 


In no case shall the sum of the ba.sic lead carbonate, Vjasic lead sulphate, 
and zinc oxide be less than eighty-five (85) per cent of the mixture. The 
lead and zinc pigments may be introduced in the form of any mixture pre¬ 
pared from basic carbonate white lead, basic sulphate white lead, zinc oxide, 
or leaded zinc, provided the above requirements as to composition are met. 

Lujuid .—The liquid in semipaste paint shall be entirely pure, raw or refined 
linseed oil; in ready-mixed paint it shall contain not less than ninety (90) 
per cent pure raw linseed oil, the balance to V>e comViined drier and thinner. 
The thinner shall be turpentine, volatile mineral spirits, or a mixture thereof. 

Semipaste .—The paste shall be the pigment ground in oil a.s above speci¬ 
fied. ft shall mix readily in all proportions without curdling with linseed oil, 
turpentine, or volatile mineral spirits, or any combination of these sub¬ 
stances The color, hiding power, and weight per gallon when specified, 
shall be not less than that of the approved sample. The i>astc shall consist 
of: 
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Percentages 


Minimum 

Maximum 

Pigment. 

.3 

77.0 

Linseed oil. .... 

23 

27.0 

Moisture and other volatile matter. . | 


0.7 

Coarse particles and “skins" (total residue j 
on a 200-mcsh sieve based on pigment). . . i 


o.s 


Ready-mixfd Paint .—The ready-mixed paint shall be prepared from the 
paste in the manner specified above. The weight per Rallon shall be not less 
than fifteen and three-quarter (i 5 ^i) pounds. The paint shall consist of: 



Percentages j 


Minimum 

Maximum 

Pigment. 

Liquid (containing at least po per cent 

b 2 

66.0 

linseed oil). 

34 

38.0 

Water . . . 

('oarsc particles and “skins" (total nsidue 
retained on a 200-me.sh .sieve, ba.sed on 


o.s 

pigment).! 


o.s 


I3 oM. Graphite. Dry Pigment .—The dry pigment shall be a pure, 
natural flake graphite and silicate rock to which may be added a small 
percentage of carbon black, iron o.xide, or other oxides needed to secure a 
desired tint or color. The pigment shall be so ground that it will all pass a 
200-mcsh sieve and con^lin not more than ten (10) per cent of material retained 
on a 3 2S-mcsh sieve. The prepared pigment must contain not less than forty- 
five (45) per cent of natural graphite. 

Pa.^te .— The paste shall be the pigment ground in oil as above specified. 
It shall consist of: 



Percentages 


Minimum 

Maximum 

Pigment. 

62 

66.0 

Linseed oil. 

34 

38.0 

Moisture and other volatile matter. 

0.80 

Coarse particles and “skins” (total per cent 
on a 32S-mesh sieve, based on the pigment) 

3 

1 

6.0 


Ready-mixfd Paint ,—The ready-mixed paint shall be prepared from the 
paste in the manner specified above. 

The resulting paint when mixed in the proportions given below, and 
brushed on a smooth, vertical, iron surface shall dry hard and elastic without 
running, streaking, or sagging. It shall consist of: 
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Percentages 


Minimum 

Maximum 

Pigment. 

30 

35 

Boiled linseed oil. 

6s 

70 

^pan drier. 

S 

6 

Turpentine and volatile matter. 

3 

6 


CLEARING AND GRUBBING fWASHINGTON STATE 
SPECIFICATIONS) 

Clearing.—The right-of-way must be cleared to the width of -;• feet 

on each side of the center line, or as shall be designated by the engineer; 
all trees, brush, and other vegetable matter within the space designated 
to be cut down, and the same, together with all other logs, brushwood, and 
fences already down, shall be burned or removed from the grounds, as 
the engineer may direct, so as not to injure the adjoining lands or to obstruct 
the line of the fences along the boundaries of the said right-of-way. 
When the embankments exceed two feet in height it will be required to cut the 
trees, brush, and stumps close to the ground. 

Light clearing shall include the removal of all standing trees of a sixe 
up to one foot m diameter, together with all other logs, brush, and other 
vegetable matter already down or lying loose on the ground. 

Heavy clearing shall include the removal of all standing trees over one 
foot in diameter, together with all other logs, brush, and other vegetable 
matter already down or lying loose on the ground. 

Gnibbing.;—From the space required tor the roadbed and necessary 
slopes and side drains, and whatever additional space may be required by 
the engineer, except where the excavations are three feet or more in depth, 
vegetable matter embedded in the ground shall be grubbed up, and removed 
or disposed of as the engineer may direct, and only the area so grubbed 
shall be estimated. 

Clearing and Grubbing (XT. S. Forest and Road Specifications).—This item 
shall include all clearing, grubbing, and disposal of timber. 

The right-of-way must be cleared on each side of the center line of the 
road to the full width indicated by the plans, or as the engineer may require. 
All trees, brush and other vegetable matter within the space designated shall 
be cut down and all tree branches extending into the right-of-way which 
hang within 20 feet of the ground shall be cut off. The edge of the clearing 
shall present a fairly regular and uniform alignment, except that fine speci¬ 
mens of trees shall be left standing when in the judgment of the engineer 
they will not be injurious to the road. All stumps and all trees, the stumps 
of which arc not to be grubbed, shall be cut not more than two feet above the 
ground. 

Prom the space required for the roadbed and necessary slopes and side 
drains except where the embankments at the point in question arc three feet 
or more in height, all stumps, large roots, and other imticdded wood or 
ve^table matter shall be grubbed or blasted from the ground. 

iTic contractor will be required to use merchantable timber cut from the 
right-of-way for the drainage or other structures for which it may be suitable 
and for which he would otherwise be compelled to cut merchantable tim^r 
from adjacent government land. All clear and sound logs or poles having 
a top diameter of four inches or more and a length of four feet or more wifi 
be considered as merchantable timber in the operations under these specifi¬ 
cations. The merchantable timber in excess ot that needed in the construc¬ 
tion of the road which must be cut in the clearing of the right-of-way shall 
be felled in the right-of-way, cleared of limbs and brush, sawed into such 
standard lengths as may be designated by the engineer and skidded into 
workmanlike piles at the edge of the right-of-way, before grading is under¬ 
taken. The title to all such timber cut from National Forest lands shall 
remain with the United States subject to disposal by the Forest Service, 
U. S. Department of Agriculture, under its regular procedure. 
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All other than merchantable trees, together with all brush, stumps, roots, 
and other d6bris, must be placed in neat conical piles with the small material 
at the b9ttom and the large limbs and other materials stacked on the outside 
of the pile in such a manner as to be completely consumed when the pile is 
burned. In case the burning is to precede the construction operations, the 
piles may be placed in the center of the right-of-way, otherwise, the piles 
should be placed in the most convenient place to the side of the right-of-way 
where they may be burned without damage to the surrounding forest cover. 
In no case will it be permissible to merely throw the refuse outside of the 
right-of-way or to place it in windrows at the side of the right-of-way. 

The material placed in piles shall be burned by the contractor at such time 
and in such manner as absolutely to prevent the fire from spreading to areas 
adjoining the right-of- way. 

Particular care must be exercised to avoid producing an unsightly appear¬ 
ance by burning or scorching green trees standing along the edge of the nght- 
of-way. Any trees permanently defaced in this manner shall be cut down 
and disposed of as the engineer may direct. 

When upon the advice of the Forest Supervisor of the Natural Forest con¬ 
cerned the engineer determines that the proper protection of the National 
Forest from fire demands tliat burning operation shall be discontinued, the 
contractor shall make such disposal on the ground of the material as the 
engineer may indicate. 

EXCAVATION (WASHINGTON STATE SPECIFICATIONS) 

Under the head of excavation shall be included all excavations required 
for the formation of the roadbed, the digging of all ditches, cutting new 
channels for streams, preparing foundations, the altering of all highway or 
private roads and all excavations in any way connected with or incidental 
to the construction of the road, and the expense of hauling and depositing 
same in embankments wherever required. 

Embankments.—Under the head of embankments shall be included 
all embankments for any of the purposes mentioned not formed from excava¬ 
tions taken from the pnsm of tne road or other necessary excavations. 

All grading shall be done and estimated by the cubic yard, measured 
in the excavation, except material borrowed for embankment, which shall be 
measured in embankment, and shall be comprised under heads, viz.: 

Earth, Hard-pan, Loose Rock, Solid Rock, Shell Rock, and Solid Rock. 
Borrow. 

Earth.—Earth will include clay, sand, loam, gravel, and all hard material 
that can, in the opinion of the chief engineer, be reasonably plowed, and 
all earthy matter or earth containing loose stones or boulders intermixed, 
and all other material that does not come under the classification of haii- 
pan, loose rock, solid rock, shell rock, and solid rock borrow. 

Hard-pan.—Hard-pan will include material, not loose or solid rock, 
that cannot, in the opinion of the chief engineer, be reasonably plowed on 
account of its own inherent hardness. 

Loose Rock.—Loose rock will include all stone and detached rock, found 
in sepiarate masses, containing not less than one cubic foot, nor more than 
one-half cubic yard, and all slate or other rock, soft or loose enough to be 
removed without blasting, although blasting may occasionally be resorted to. 

Solid Rock.—Solid rock will include all rock in place, and ^ulders meas¬ 
uring one-half cubic yard and upwards, in removing which it is necessary 
to resort to drilling and blasting. 

Shell-rock Excavation.—Shell-rock excavation will include all deposits 
compiosed entirely of rock in masses of less than one cubic foot which have 
broken off from the cliffs above the roadbed, but will only be estimated 
when in large deposits. 

Solid Rock Borrow.—Solid rock borrow shall consist of solid rock, accord¬ 
ing to above classification, excavated outside of the regular cross-sections 
of the cuts for the roadbed, and placed and measured in embankment. 

EXCAVATION (NEW YORK STATE SPECIFICATIONS, ITEMS NO. 2 

TO 46) 

Item >—Barth Excavation 
Item 3—Rock Excavation 

1 . 1 . Under these items the Contractor shall grade the entire length of 
roadway, ditches and side slopes to the required lines and grades; shall make 
all excavations for culverts, underdrains, catch basins, leaching basins, and 
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other Structures except posts; shall grade connecting public highways as 
directed and remove spongy material from the subOTade to the depths 
reomred—all as shown on the plans or as directed by the engineer. 

This item includes the excavation, filling, and rolling necessary to com¬ 
plete the road and all structures connected therewith except as noted above, 
and includes the removal of all objectionable material for the full width of 
the improvement except as noted under section i.i, and the filling to the 
required grade with acceptable material of all areas originally below the 
required grade, or excavated below grade under orders of the engineer. 

backfill for structures, old macadam excavated, and sod ordered removed 
from the site of a new embankment, shall be paid for as Earth Excavation. 

S.2. All suitable materials from the excavation shall be used so far as 
practicable in making embankments, building up low places on the sub¬ 
grade or shoulders, and such other places as directed. 

S.8. Surplus material shall be placed in embankments, shall be used for 
extending the shoulders or shall be deposited in spoil banks, as directed 
by the engineer. All surplus materials shall be removed and disposed of as 
directed by the engineer before the subgrade or shoulder rolling is completed 
and before any stone is placed on the roadway. 

S.4. If there is not sufficient suitable material to complete the grading 
and to bring the subgrade to the required height, the contractor shall borrow 
additional material from the sides of the roadway or from other borrow pits 
as directed by the engineer so that the established grade for the road, embank¬ 
ments, etc., will be secured. All borrow pits outside the highway shall be 
acquired by the contractor at his owm expense, and any borrow pits in or 
adjacent to the highway shall be left in a neat and satisfactory condition 
and shall be thoroughly drained. 

S.8. The contractor shall remove boulders and all muck, quicksand, 
soft clay, and spongy material w'hich will not consolidate under the roller, 
from the subgrade to a depth to be determined by the engineer, and refill 
the space with acceptable materials from the excavations, or with stone or 
gravel, as directed. If stone or gravel is used, the same will be paid for 
at the contract price bid for item Foundation Course. After all drains 
have been laid and the surface of the subgrade has been properly shaped, 
it shall be thoroughly rolled and compacted with an approved self-propelled 
roller weighing not less than lo tons. Water puddling shall be resorted 
to in case the soil requires it. Care shall be taken not to roll clay founda¬ 
tions too much, thus developing a plastic condition. All hollows and 
depressions which develop shall lie filled with acceptable material, and the 
subgrade shall again be rolled. This process of filling and rolling shall be 
repeated until no depressions develop. In places where the character of 
the material makes the use of such a roller impracticable, a ligher one may 
be permitted. The subgrade shall not be muddy, or otherwise unsatis¬ 
factory when the foundation course is placed upon it. All culverts, ditches, 
and drains .shall be satisfactorily completed to drain effectively the highw'ay 
before the placinjj of any pavement will be permitted. The shoulders shall be 
rolled and left in a compact and satisfactory condition at the completion 
of the Mvement. 

t.6. Embankment shall be formed of suitable materials. If formed of 
stone, all reasonable precautions must be taken to insure a solid embank¬ 
ment. The upper surface of the embankment shall be rolled and left in a 
satisfactory condition and approximately true to line and grades. Large 
stone shall not project within 6 inches of the finished subgrade, and all 
hollows, and depressions shall be filled with the smaller sbme from the 
excavation, with gravel or with other acceptable material. Stone in 
embankments shall not be used nearer than 6 inches to the surface of shoulder. 

Where the filling is less than 2 feet in depth all vegetable matter shall be 
removed from the original surface. Where necessitated by the existing 
slope, the original surface shall be trenched or otherwise broken up before 
placing new embankment thereon. 

Where the depth of fill is less than 6'' the underlying surface must be 
plowed or scarified to get a pood bond. The price for suen work is included 
m the price bid for excavation. 

Embankment shall be constructed in successive horizontal layers not 
exceeding 12 inches in thickness; when concrete is to be placed thereon, 
these layers shall not exceed 6 inches in thickness. Each layer shall extend 
across the entire fill and shall be thoroughly rolled and compacted by 
approved methods. If impacticable to use a heavy roller for this work a 
grooved roller shall be used. 
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2.7. At all intersecting public highways the contractor shall grade back 
to a sufficient distance with acceptable materials, as directed by the engineer 
so that a smooth riding and satisfactory junction will be produced. 

2 . 8 . The quantity 01 excavation to be paid for under Items 2 and 3 shall 
he the number of cubic yards of material, measured in its original position, 
excavated and disposed of as directed by the engineer, and the limits shall 
not exceed those shown upon the plans or fixed by the engineer. 

The price bid for Earth Excavation shall include the removal of all mate¬ 
rials, as specified under section 2.i‘^xccpt as provided below for Rock 
Excavation,—the placing of same in embankment or spoil, the rolling, 
compacting, grading, and all other work incidental thereto. 

No direct payment shall be made under Items 2 or 3 for work in connection 
with contractor’s plant, nor for his other requirements in carrying out the 
provisions of this contract, but compensation therefor shall be considered 
as having been included in the prices stipulated for the various items of the 
contract. 

The price bid for Item 3 shall include the removal of all boulders of more 
than 13 cubic feet and all hard ledge rock and the placing of same in 
embankment or spoil if not used under other items of the contract, and rolling, 
cmpacting, grading, and all other work incidental thereto. Boulders of 
less than 13 cubic feet, and all soft or disintegrated rock which can be 
removed with pick and shovel, shall not be paid for under Rock Excavation, 
but under Earth Excavation. The price bid for the items shall include 
all labor, materials, supplies, and plant and incidentals necessary to com¬ 
plete the work. 

Item 4 —Overhaul 

4.1. If the haul on any material either from cuts or borrow pits made 
in accordance with directions from the engineer exceeds 2000 feet it shall 
be classified as overhaul. 

For each 100 feet of haul greater than 2000 feet the contractor shall 
receive the price bid for Overhaul per cubic yard of all material so moved, 
measured in its original position.* 

The price bid shall include all labor, appliances, and incidentals necessary 
to complete the work. 


CONSTRUCTION METHODS 
Preparing Fine Grade* 

Under this item the contractor shall prepare the fine grade to receive 
payment in conformity with the lines and grades as shown on the plans or as 
ordered by the engineer. 

Before any paving material is i)laccd upon the fine grade it shall be shaped 
to line and grade and compacted with an approved self-propelling roller 
weighing not hss than 5 tons. All hollows and depressions which develop 
under rolling shall be filled with acceptable material and shall again be rollea. 
This process Of shaping, rolling, and filling shall be repeated until no depres¬ 
sions develop. The subgrade shall not be muddy or otherwise unsatisfactory 
when the pavement is placed upon it. If the fine grade becomes rutted or 
displ.iced due to any cause whatsoever, the contractor shall regrade same 
without additional payment. 

The ouantity to be paid for under this item shall be the number of square 
yards oT the fine grade prepared in accordance with the plans or the orders 
of the engineer, on which pavement is placed. 

The pnee bid per sqiiare yard shall cover all labor and incidental work 
(scarifying if nccessaryb to lorm, trim, and compact the fine grade under¬ 
neath the pavement to the lines and (grades as shown on the plans or as 
ordered by the engineer, and the furnishing and placing of the necessary 
filler on any scarified area. 

STATE HIGHWAY DEPARTMENT OF TEXAS 
Item 32. Subgrade Treatment 

32,1. Description.—This item shall consist of treating a gumbo, adobe, or 
other faulty subgradc with a stabilizing course of granular material to perfect 
a foundation for base courses, surface courses, or pavements. It shall be 

* Specifications shouhi stipulate that the amount of overhaul will be com¬ 
puted by the Mass Diagram Method. 

• New York. 



1424 


SPECIFICATIONS 


constructed in accordance with the specifications and in conformity with the 
line, grade, and typical cross-section shown on plans. 

33.3. Materials.—The materials for this course will bo noted on the plans. 
In general, they will be coarse sand, fine gravel, cinders, or other local 
material of a granular nature, of such quality and properties as the engineer 
may approve m writing. Unless otherwi.se prescribed, the material shall be 
such that all will pass the screen, and 40 % will be retained on the lO-mesh 
screen. 

33.3. Construction Methods.—The snhgrade to be treated shall have been 
completed to line, grade, and typical cross-section. The granular material 
shall then be delivered and evenly spread on the subgrade in such quantity 
that when the work is completed the requirements of the typical cross- 
section will have been fulfilled. It shall be the charge of the contractor that 
the required amount of material shall be delivered in each 100' station and 
uniformly distributed throughout each station. 

33.4. The material shall then be incorjxiratcd with the material of the 
subgrade as required on the plans and rolled and sprinkled as directed. The 
contractor shall work and dress the surface as directed until the treated 
subgrade is set up hard and smooth in accordance with the grade and typical 
cross-section required, and so maintained until the proposed base course or 
surface course or pavement is in place. 

33.5. Method of Measurement-—Work and acceptable material furnished 
shall be measured by the cubic yard of material, loose measurement. 

33.6. Basts of Payment.—The material furnished as prescribed by this 
item shall be paid for at the contract unit price per cubic yard for Subgrade 
Treatment ^laterial. The work performed as prescribed for this itern, 
measured as provided above, shall be paid for at the contract unit price bid 
per cubic yard for Subgrade Treatment, which price shall be full compen¬ 
sation for loading all material, hauling not over >4 mile, delivered on the road, 
spreading and finishing, all labor, equipment, tools, and incidentals necessary 
to complete the work except screening material, rolling, and siirinkling. 
Hauling material into each quarter mile beyond the first quarter mile shall 
be paid for at the contract unit price per cubic yard bid for Material Hauled 
Additional Quarter Mile. Screening will be paid for at the contract unit 
price bid per cubic yard for Screening. 

Item 39. Foundation Course, Run-of-bank GraveU 

o. Work.—Under this item the contractor shall furnish and place a 
foundation course of run-of-bank gravel of the depth and in the places 
called for on the plans and ordered by the engineer. 

b. Material and Placing.-;—All gravel shall be of hard, durable stone and 
well graded. The proportions of coarse and fine particles shall be satis¬ 
factory to the engineer. Befqre using run-of-bank gravel in the work the 
same shall be tested to determine its suitability. Should at any time during 
the work and for any reason the gravel fail to maintain suitable proportions 
of the coarse and fine particles, the contractor shall, by the addition of 
selected material and sati.sfactory manipulation, produce a material meeting 
the above requirements. 

No segregation of large or fine particles will be allowed, but the gravel as 
spread shall be well graded with no pockets of fine material. 

In cases where the finished thickness of the course is to be more than 9''. 
the gravel shall be spread, rolled, and filled in separate layers as directed by 
the engineer. 

.^ter laying, this course shall be thoroughly rolled with an approved roller 
weighing not less than 10 tons, and shall then be filled as directed and again 
rolled and the filler broomed until the stones are bound together and thor¬ 
oughly compacted. All holes or depressions found in rolling shall be filled 
with gravel and the surface shall be rcrollcd until it conform.^ to the lines and 
grades as .shown on the plans. In all cases a sufficient but not excessive 
amount of fine material (coarse sand or screenings) shall be u.scd to fill all 
voids. In limited areas where the use of a roller is impracticable heavy 
tampers may be used to consolidate the material. In all cases the foun¬ 
dation course must be so thoroughly compacted that it will not wave under 
the roller. This course shall not he laid in excess of 500 lin. ft. without twing 
rolled and thoroughly filled so as to render it waterproof, and thereby pre¬ 
vent the softening of the subgrade. 

» New York. 
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c. Measurement and Payment.—The quantity of foundation course to be 
paid for under this item snail be the number of cubic yards of compacted 
material in place as shown on the plans or ordered by the engineer. 

The price bid shall cover the furnishing, placing, tilling, and rolling of the 
material and all labor and incidental expenses necessary to complete the 
^ork. 

Item 39A. Foundation Course, Run-of-bank Gravel, Loose Measure 

The general specifications for Item 39 shall apply, except that the quantity 
to be paid for will be the number of cubic yards, loose measure, incorporated 
in the work, as directed by the engineer. 

Item 40. Foundation Course, Screened GraveU 

a. Work.—Under this item the contractor shall fvimish and place a founda¬ 
tion course of screened gravel of the ilepth and in the places called for by the 
plans or as ordered by the engineer in accordance with Sec. / of item 
Excavation. 

b. Drainage.—No gravel shall be placed on the road until the culverts 
are completed and proper drainage provided and subgrade .shaped and rolled 
to the satisfaction of trie enginner. 

c. Material and Placing.—All gravel shall be hard, durable stone satis¬ 
factory to the engineer. The particles shall be of such size as will pass 
through a 3^4'' circular hole and will be retained on a iH" circular hole and 
shall be well graded. In cases where the finished thickness of the course 
is to be more than 6 *' the gravel for it shall be spread, rolled, and filled in two 
separate courses. 

After the subgrade has been properly prepared a course of i” of approved 
sand or cinders shall be evenly spread upon the grade, after which the 
screened gravel shall be spread evenly, so that it wdll have after rolling the 
proper thickness. No segregation of large or fine particles will be permitted, 
out the gravel shall be w'ell graded with no pockets of fine material. ^ 

d. Rolling and Filling.—After the gravel has been spread loo.se it shall be 
thoroughly rolled with an approved self-propelling roller weighing not less 
than 10 tons. 

The rolling must begin at the sides and continue toward the center until 
there is no movement of the stone ahead of the roller. After the gravel is 
thoroughly compacted No. i size gravel and sand shall he thoroughly spread 
upon the surface and kept in with rattan or .steel brooms and rolled. 

This course shall not be laid in c.xccss of soo lin. ft. without being rolled 
and thoroughly filled so as to render it waterproof and thereby prevent the 
softening up of the .subgrade. Should the sul.gra>le material become churned 
up into or mixed with the foundation course through the contractor's hauling 
over it or working on it when the subgrade is in a wet condition, the contractor 
shall, at his own expense, remove such mixture of subgrade material and 
gravel and replace the foundation course. 

e. In Case of Two Courses.—When tw'o courses of screened gravel are 
laid each course shall be treated separately by rolling and filling as described 
above. 

/. Measurement and Payment.—The quantity to be paid for under this 
item shall be the number of cubic yards of compacted material in place and 
shall be computed by muUiplying the finished cross-section of the foundation 
course as shown upon the plans or ordered by the engineer, by the length 
measured alonjj the axis of tiic pavement. 

The price bid shall cover the furnishing, placing, filling, rolling of the 
material, and all labor and incidental expenses necessary to complete the 
work satisfactorily. 

Item 4z. Foundation Course, Field or Quarry Stone> 

a. Work.—Under this item the contractor shall furnish and place a founda¬ 
tion course of stone of the depth and in the places called for by the plans, or 
as ordered by the engineer in accordance with Sec. / of item Excavation. 

h. Drainage. —No stone shall be placed on the road until the culverts 
are complete and proper drainage provided and subgrade shaped and rolled 
to the satisfaction of the engineer. 

c. Material and Placing. —After the subgrade has been properly prepared 
a course of 1" of ^proved sand, gravel, or cinders shall be evenly spread 
upon the grade. This i" course of sand, gravel, or cinders shall not be 

‘ New York. 
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estimated as a part of the depth of the foundation course, but payment for 
same shall be included in the price bid for this item. 

Stone used in the foundation course shall be of hard, sound, and durable 
quality, acceptable to the engineer. 

The depth of the stone shall in no case be greater than the depth specified 
for the course, the width shall not be greater than the depth, or more tnan 9"; 
and the length shall not be greater than one and one-third times the depth, 
or more than 12^^. The distribution of the stone shall be of a uniformity 
satisfactory to the engineer. In cases where the finished thickness of the 
course is more than 9''' the foundation course shall be laid in two courses and 
the first course completely filled and rolled before constructing the second. 
Stone of greater than permissible dimension shall be broken to proper size 
before placing. All flat stone and fragments haying an average dimension 
over 6 ” shall be roughly placed by hand on their broadest edge with their 
longest dimension crosswise of the road and in as close contact as possible. 
The smaller stone shall then be shoveled or forked upon the surface of the 
course. 

After laying, this course shall be thoroughly rolled with an approved 
self-propelling roller weighinjj not less than 10 tons. After rolling, the 
course shall be tested with a line 25' in length and any' depressions over i" 
in depth shall be eliminated by the use of broken stone. The course shall 
then be rerolled and filled with broken stone uniformly distributed and 
thoroughly rolled, after which coarse sand or screenings shall be used to fill 
the voids and rolled. In all cases the foundation course shall be so thoroughy 
compacted that it will not weave under the roller. Gravel or selected shale 
may be substituted for the broken-stone filler if so designated on the plans 
or in the itemized proposal. This course shall not be laid in excess of 500 
lin. ft. without being rolled and thoroughly filled so as to render it water¬ 
proof and thereby preventing the softening of the subgradc. Should the 
subgrade material become churned up into or mixed with the foundation 
course through any reason whatsoever, the contractor shall, at his own 
expense, remove such mixture of subgrade material and stone and replace 
the foundation course. 

d. Measurement and Payment.—The quantity to be paid for under this 
item shall be the number of cubic yards of compacted material in place and 
shall be computed by n.ultiplying the finished crcjss-scction of the foundation 
course as shown upon the plans or ordered by the engineer by the length 
measured along the axis of the pavement. 

The price bid shall cover the furnishing, placing, filling, and rolling of 
all materials, and all labor and incidental expense ncccssiiry to complete 
the work. 

Item 33. Reconstructed Base Course' 

33.x. Description. —This item .shall consist of the reshaping of the existing 
su^ce and the addition of the require<l amount of new material, all of which 
shairbe compacted to form a foundation course for other base courses or for 
surface courses or pavements. The additional material shall cemform to the 
requirements for materia! of the type of the original cvur .e as prescribed in 
these specifications, and the item shall be constructed in accordance with 
these specifications and in conformity with the lines, grade;, and typical 
cross-section shown on the plans. The item name corresponding to the 
original course shall be given on the plans. 

33.2. Construction Methods.—The existing surface shall be scarified for 
the full width of the propo'>efi base course and to such uniform depth below 
the proposed fini.shca .surface as will eliminate all cxistini^ depressions and 
irregularities and permit of uniform reshaping. Any existing bituminous 
mat of more than thickness shall be removed from the work. 

33.3. After scarifying, the material shall be shaped to conform to the 
required section, the required material added in a uniform course of such 
depth that when compacted the finislicd surface will conform to the line, 
grade, and typical cross-section. The course shall then be rolled and 
sprinlded if directed, and finished and maintained as required in the specifi¬ 
cations for the base course corresponding to the original construction as 
noted on the plans. 

33.4. Methods of Measurement and Basis of Payment. —The work of 
scarifying, loosening, and shaping the original construction shall be measun^ 
by the square yard and paid for at the contract unit price per square yard bid 
for Reconstructed Base Course. 

1 Texas. 
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33 « 5 * All other work performed as prescribed, and all acceded materbl 
shall be measured by the cubic yard, loose measurement. The material 
furnished as prescribed shall be i^aid for at the contract unit price per cubic 
yard for the’base-course material corre.sponding to the original constructed 
as noted on the plans when such price is requested and tendered in the pro- 
p«'sal. When such price is not so requested, nght-of-way and royalty charge# 
on the material in the pit will not be a charge to the contractor. 

33.6. The work porformcfi as prescribed shall be paid for at the contract 
price per cubic yard bid for the item named on the plans as the type of 
original construction, which price shall be full compensation for loading all 
material, hauling not over mile, delivering on the road, spreading and 
finishing, all labor, equipment, tools, and incidentals necessary to complete 
the work except rolling, and sprinkling. Hauling material into each quarter 
mile beyond the first quarter mile shall be paid for at the contract unit price 
ix-^r cubic yard bid for Material Hauled Additional Quarter Mile. 

Item 34. Shell Base Course^ 

34.1. Description.—This item shall consist of a foundation course for 
surface courses, or other base courses, sl’all be composed of shell, and shall be 
< 'msirucitsl (ill the prepared subgiade in ac< ordance with these specifications 
and in conformity with the line-', g.rades, compacted thickness, number of 
component courses, and typical cross-section shown on the plans. 

34.2. Material.— The shell shall consist of sound panicles of oyster, clay, 
or other shells equally i ciitable to the engineer, and shall not contain more 
than iS'’o of mud. clav marl, or loam. 

34.3. Construction Methods.—The material shall be delivered and spread 
by hand on the prepared svibgradc or completed base course to such depth 
that, when compaclcil, the thickness shown on the plans will be secured and 
shaped to cimforin to the typical cross-section. Side forms and either cubi¬ 
cal blocks or center guide forms of proper size shall he used to fix the depth 
of the loose material. It shall be tin* charge of the contractor that the 
required amount of material shall be d*-iivered in each 100' station and 
uniformly distributed throughout ea-.h station. 

34.4. The work shall be rolled and spnnkled or opened to traffic as directed. 
The contractor, as often as directed, shall work and dress the surface so that 
the cross-scction shall continue uniform and true to line and grade until 
accepted. When the tyiueal cross-section rccimres that this item be con¬ 
structed in more than one course, each additional course shall be constructed 
independently after the previous one has been completed and accepted, all 
as prescribed above. 

34.5. Method of Measurement.—Work and accepted material hauled to 
the road shall be measured by the cubic yard of material, loose measurement, 
as delivered on the road. 

34.6. Basis of Payment.—The material funiished as prescribed by this 
item shall bo paid for at the contract unit price per cubic yard bid for Shell. 
The work i>crformed as presenbed by this item and measured as provided 
above shall be }>a:d for at the contract unit price per cubic yard bid for Shell 
Base Course, which price shall be full compensation for loading all material, 
hauling not over mile, delivering on the road, and finishing, all labor, 
equipment, tools, and incidentals ncoessarv to complete the work except 
rolling, ami sprinkling. Hauling material into each quarter mile beyond the 
first quarter mile shall be paid tor at the contract unit price bid per cubic 
yard for Material Hauled Additional Quarter Mile. 

Item 35. Caliche Base Course^ 

35.1. Description.—This item shall consist of a foundation course for 
surface courses, or other base courses, shall be composed of caliche, and shall 
l>c constructed on the prepared suhgmde in accordance with these specifica¬ 
tions and in conformity with the lines, grades, compacted thickness, number 
"f component courses, and typical cross-scction shown on the plans. 

35.2. Material.—('aliche shall consist of a natural mixture of approxi¬ 

mately equal i>roj>ortions of calcareous dust and quartz sand with or without 
the presence of gravel or small stones, all of which, when tested, shall pass 
a screen, and shall not contain more than 10% clay. 

35.3. Construction Methods.—The material shall be delivered and spread 
by hand on the prepared subgrado to such deptli that when compact^ the 

> Texas. 
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thickness shown on the plans will be secured and shaped to conform to the 
typical cross-section. Side forms and either cubical blocks or center guide 
forms of proper size shall be used. It shall be the charp^e of the contractor 
that the required amount of material shall be delivered in each 100' station 
and uniformly distributed throughout each station. 

35.a. If, in the opinion of the engineer, it be practicable to do so, the caliche 
shall be puddled with water before being finally shaped and compacted. 
This puddling may be done either in the pit before the material is hauled onto 
the road or it may be done by sprinkling with water after the material has 
been spread upon the subgrade. In case puddling is done in the material pit. 
the caliche shall at once be hauled onto the road, spread by means of hoes, 
rakes, or shovels, shaped, and rolled before it has dried out. In case puddling 
is to be done after it has been spread upon the subgrade, the surface shall 
be thoroughly harrowed, plowed, or otherwise opened up, during the process 
of sprinkling, in order to insure the proper puddling of the caliche. After 
being thoroughly puddled, to the satisfaction of the engineer,' the surface 
shall be shaped to a uniform thickness and cross-section and the succeeding 
course of material shall be added and puddled in the same manner. Each 
succeeding course shall be placed and puddled as soon after the preceding 
one as practicable. 

35*5« The work shall be rolled or opened to traffic as directed. The con¬ 
tractor, as often as directed, shall work and dress the surface so that the cross- 
section shall continue uniform and true to line and grade until accepted. 

35.6. The work shall be rolled or opened to tmlnc as directed. The con¬ 
tractor, as often as directed, shall work and dress the surface so that the 
cross-section shall continue uniform and true to line and grade until accepted. 

35.6. Method of Measurement.—Work and accepted material shall be 
measured by the cubic yard of material, loose measurement, as delivered 
on the road.^ 

35.7. Basis of Payment.—When a unit price for Caliche is requested and 
tendered in the proposal, the material furnished as prescribed by this item 
shall be paid for at the contract unit price so bid jut cubic yard. When 
such price is not so requested, rigbt-nf-wav charges and royalties on the 
material in the pit will not be a charge to the contractor. The work per¬ 
formed as prescribed for this item, measured as providerl above, shall he 
paid for at the contract unit price !)id p<'r cubic yard for Caliche Base Course, 
which price shall be full coinfiensation for lf»ading all material, hauling not 
over >4 mile, delivering on the road, puddling and finishing, all labor, equip¬ 
ment. tools and incidentals necessary to complete the work except rolling, 
and sprinkling. Hauling material into each quarter mile l)€yond the first 
quarter mile shall be paid for at the contract unit price per cubic yard bid for 
Material Hauled Additional Quarter Mile. 

Item 36. Disintegrated Limestone Base Course ^ 

36.1. Description.—This item shall consist of a foundation course for 
suriace courses or other base courses, shall be composed of disintegrated 
limestone, and shall be constructed on the prepared subgrade in accordance 
with these specifications and in conformity with the lines, grades, compacted 
thickness, number of component courses, and typical cross-section shown on 
plans. 

36.3. Materials.—The material shall consi.st of a good quality of di.sinte- 
grated limestone, reasonably free from soil and clay, and when loaded from 
the material pit shall not contain more than 25 % of material which will 
pass A me.sh screen. The disintegrated limestone shall be such as can 
DC loosened up in the pit by the use of plows orpicks and without the use of 
explosives. Material containing gravel or hard flint pebbles will be admitted, 
although all hard stones over in their largest dimension, which will 
not be broken up by traffic or rolling, must be thrown out at the pit by the 
contractor at his own expense. 

36.3. Conatniction Methods. —The material shall be delivered and spread 
by hand on the prepared subgrade to such depth that when compacted 
the thickness shown on the plans will be secured, and shapied to conform to 
the typical cross-section. Side forms and cither cubical blocks or center 
^ide lorma of proper size shall be used to fix the depth of the loose material. 
It shall, be the charge of the contractor that the required amount of material 
shall be delivered in each 100' station and uniformly distributed throughout 
each station. 
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36.4. After the material has been spread and shaped, the surface shall be 
thoroughly sprinkled with water and rolled as soon as sufficiently dried oflF. 
The contractor, as often as directed, shall work and dress the surface so that 
the cross-section shall continue uniform and true to line and grade until 
accepted. When the typical cross-section requires that this item be con¬ 
structed in more than one course, each additional course shall be constructed 
independently after the previous one has been completed and accepted, all 
as prescribed above. 

36.5. Method of Measurement. —Work and accepted material hauled to 
the road shall be measured by the cubic yard of material, loose measurement, 
as delivered on the road. 

36.6. Basis of Payment. —W''hcn a unit price for Disintegrated Limestone 
is requested and tendered in the proposal, the material furnished as prescribed 
by this item shall be paid for at the contract unit price so bid per cubic yard. 
When such price is not so requested, right-of-way charges and royalties on 
the material in the pit will not be a charge to the contractor. The work 
performed as prescribed for this item, measured as provided above, shall be 
paid for at the contract unit price bid per cubic yard for Disintegrated Base 
Course, which price shall be full compensation for loosening and loading all 
material at the pit, hauling not over mile, delivering on the road, puddling 
and finishing, all labor, equipment, tools, and incidentals necessary to 
complete the work except rolling, and sprinkling. Hauling material into 
each quarter mile beyond the first quarter mile shall be paid for at the con¬ 
tract unit price bid per cubic yard for Material Hauled Additional Quarter 
Mile. 

Item 37. Iron-ore Topsoil Base Course^ 

37.1. Description.— This item shall consist of a foundation course for 
surface courses or other base courses, shall be composed of iron-ore topsoil, 
and shall be constructed on the prepared subgrade in accordance with these 
specifications and m conformity with the lines, grades, compacted thickness, 
number of component courses, and typical cross-section shown on plans. 

37.3. Materials.— Iron-ore topsoil shall consist of hematite, hydrated 
hematite, or limonitc ore as ff^mnd at the surface but of a quality free from 
vegetable matter which, when loaded from the material pit, shall not contain 
more than 15% of clay. The material shall be such as can be loosened up in 
the pit by the u.sc of plows or picks and without the use of explosives. 
Material containing gravel or hard pieces of ore will be admitted, although 
all pieces over 3,^2'' !’■» their large t dimension, which will not be broken up 
during constructi >n. must be thrown out at the pit by the contractor at his 
own expense. The material shall have a cementing value of not less than 50 
and be so graded that 40 to 75% is retained on a lo-mesh screen when tested 
by lalxiratory methods. 

37.3. Construction Methods.—The material shall be delivered and spread 
by hand on the prepared siibgradc to such depth that when compacted the 
thickness shown on the plans will be secured and shaped to conform to the 
typical cross-scctii and rolled if rcquirc<l. Side forms and either cubical 
blocks or center gaidc forms c^f proper size shall be used to fix the depth of 
the loose inatcriab It shall be the charge of the contractor that the required 
amount of material shall be delivered in each too' station and uniformly 
distributed througiK^ut each station. 

37.4. After the material has been spread and shaped, the work shall be 
rolled or opened to trat'ric as directed. If the material is of such a quality 
that it adheres to the wheels of the roller after sprinkling, the surface shall 
be sanded, the necessary material being measured as surfacing material. 
The contractor, as often as directed, shall wcuk and dress the surface so that 
the cross-section shall continue uniform and true to line ancl grade until 
accepted. When the typical cross-section requires that this item be con¬ 
structed in more than one course, each additional course shall be constructed 
independently after the previous one has been completed and accepted, all 
as prescribed above. 

37.5. Method of Measurement. —Work and accepted material hauled to 
the road shall be measure 1 by the cubic yard, loose measurement, as delivered 
on the road. 

37.6. Basis of Payment. —W'hcn a unit price for Iron-ore Topsoil is 
requested and tendered in the proposal, the material furnished ns prescribed 
by this item shall bo paid for at the contract unit price so bid per cubic yard. 
When such price is not so requested, right-of-way charges and royalties on 
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the material in the pit will not be a charge to the contractor. The work 
performed as prescribed for this item, measured as provided above, shall be 
paid for at the contract unit price bid per cubic yard for Iron-ore Topsoil 
oase Course, which price shall ue full compensation for loosening and loading 
all material at the pit. hauling not over >-4 niile, delivering on the road, 
finishing, all labor, equipment, tools, and incidentals necessary to complete 
the work except rolling, and sprinkling. Hauling material into each quarter 
mile beyond the first q”.artcr mile shall be paid for at the contract unit price 
bid per cubic yard for Material Haule<l Additional Quarter Mile. 

Item 38. Gravel Base Course > 

38.1. Description.—This item shall consist of a foundation course for 
surface courses or for other base courses, shall be composed of gravel, and 
shall be constructed on the prepared subgrade in acccjrdance with these 
specifications, and in conformity with the lines, grades, compacted thickness, 
number of component courses, and typical cross-section shown on the plans. 

38.3. Materials.—The gravel shall consist of hard durable particles of 
stone mixed with sand or clay or other similar binding material and when 
tested by laboratory methods shall fulfil the following requirements: 


Retained on 3W" screen. o- 5 % 

Retained on screen.. SO-TS^o 


38.3. Of the material retained on the screen, 50 to 75% shall be 
retained on the 'll" screen. 

38.4. The material passing the *-4" screen shall be known a.s ‘‘binder.” 
and of this material 15 to 35 % shall pass the 200-mesh sieve. The cementing 
value of the binder shall be not less than 

38.5. The gravel may be crushed or uncrushed, and may be bank run, or 
the binder may be added and incorporated by approved methods as herein¬ 
after specified. 

38.6. Construction Methods. —The material shall be delivered in slat- 
bottom wagons or approved trucks and uniformly dumped on the subgradc 
or completed course, spread to such depth that, when compacted, the thick¬ 
ness shown on the plans will be secure<l, harrowe*! if necessary, and shaped t<j 
conform to the typical cross-section. Kach day’s hauling shall be spread 
the same day. When the width of the course is more than 12' the material 
shall be dumped in two equal rows. The thickness of the course as well as 
the material shall be strictly uniform. Side forms, and either center forms 
or cubical blocks, shall be used to fix the depth of loose material. All areas 
and “nests” of segregated coarse or fine material shall be removed and 
replaced with well-graded material ancl compacted. 

38.7. If the gravel is dcficiciit in binder as pnscribed under Materials 
above, after it is spread anri shaped, additional binder shall be; furnished and 
applied in the amount directed by the engineer so as to comply with the 
grading requirements. Such binder shall be measured and paid for as 
provided for the normal gravel, and shall be carefully and evenly incorporated 
with the material in place as directed by the engineer. 

38.8. The work shall be rolled and sprinkled, or opened to traffic as directed. 
Ruts shall be kept filled twice a day or more as directed. When irregularities, 
depression.s, or weak spot.s develop during the process of shaping anrl setting 
up, the affected areas shall be corre* ted immediately by scarifying, adfling 
material as needed, reshaping, and compacting. This proicss .shall be 
continued, and the course maintained with grading machines or other 
equipment as required, to the reauired line, grafle, anfl typical iToss-soi tion 
until the surface is smooth and hard, free from ruts and undulations, well 
bonded to the width shown on plans, and the work is accepted. 

38.9. When the typical cross-section requires that this item be constructed 
in more than one course, each course shall be constructed indei>ondently 
after the previous one is completed am! accepted, all as prescribed above. 

38.XO. Method of Measurement. — Work and accepted material shall l>e 
measured by the cubic yard of material, loose measurement, as delivered on 
the road. 

38.1 X. Basis of Payment. — When a unit price for Gravel for Base Course 
is requested and tendered in the proposal, the material furnished as pre¬ 
scribed for this item shall be paid for at the contract unit price so bid; which 
price shall include all pit charges, crushing, screening, and freight f.o.b. 
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clelivK,vy points. When such price is not requested the material will be 
furnished free of royalty and right-of-way charges, and the contractor will 
!)e paid for .all Crushing and Screening or Screening as ordered, at the prices 
bid per cubic yard for Crushing and Screening or for Screening. 

35.xa. The work performed as prescribed for this item, measured as pro¬ 
vided under Measurement, shall be paid for at the contract unit price bid per 
cubic yard for Gravel Base Course, which price shall be full compensation 
for loading all material, hauling not over ^ mile, delivering on the road, 
spreading and finishing, all labor, equipment, tools, and incidentals necessary 
to complete the work except crushing, screening, rolling, and sprinkling. 
Hauling into each quarter mile beyond the first quarter mile shall be paid for 
at the contract unit price bid per cubic yard for Material Hauled Additional 
Quarter Mile. 

Item 39. Soft Limestone Base Course^ 

30.1. Description.—This item shall consist of a foundation course for 
surfiice rour'^cs. or for other base cour.ses, shall be composed of large fragments 
(jf soft local limestone wedged in place with small stones and sjialls and leveled 
up with smaller stone and binder, and shall be constructed on the prepared 
subgrade in accordance with these specilications, and in conformity with the 
lincM, giades, and typical cro^s-sections sho\Mi on the plans. 

39.2. Material.—The limestone shall be the best obtainable in the local 
pits, free from soapstone or similar material and with a per cent of wear of 
not nmre Ilian 12. The stones shall be no larger than 12" in their largest 
dimension. The broken stone shall be of a size to pass the 3 ^" screen. 
The binder shall be screenings, gravel, caliche, or other approved material 
which shall pass the ^ 4 " screen. 

39.3. Construction Methods.—Tlie large stone shall be dumped and spread 
upon the prepared subgradc, and brolcen with slc<lges until there are no stones 
near the top of the course larger than 0 ". When the sledging has been 
finished, the surface shall be rearranged to insure unift'rm distributii>n of the 
material, the larger v<»ids filled witli sp.ills, and the course rolleii. The 
surface shall then be bonded with sulhoient crushed stone and lander to 
fill the sutK*rfiiwial coids. and the course finished to conform to the line, grade, 
and typical cross-scct:on. 

30.4. The rolling shall be as prescribed under Extra Rolling and Sprinkling 
for Base Courses, ami the surface sliall be spnnkle>l if ordered by the engineer. 
Any irregularities that develop during or after rolling shall be remedied by 
loosening, adding or removing material and rebonding. The surface shall be 
maintained in its fmisliod condition until accepted. 

39.5. Method of Measurement.—Work and accepted material shall be 
mcasurctl by the cubic yard of material, loose measurement, as delivered 
on the road. 

39.6. Basis of Payment.—When a unit price for Local Base Course Lime- 
.stone is reque.ited and tendered in the pi<»posal, the material furnished a.^ 
prescribed lor this item .shall be paid for at the contract unit pnee so bid. 
When such price is not so rtqucsle«l. right-of-way charges and royalties on 
the material in the pit will not bo a charge to the* contractor. 

397. The work performed as presciilied for this item, measured as pro¬ 
vided under Mee.surement. shall be jiaid lor at the contract unit price bid 
per cubic vaid for Soft Limestone Base Course, which price shall be full 
cumpensaticm for loading all material, hauling not over ^4 mile, delivering 
on the road, sjircading. anil finishing, all labor, eciuipmcnt, tools, and inciden¬ 
tals nccess.iry tej complete the woik. except rolling and sprinkling. Hauling 
into each quarter mile beyond the first miarter mile sh.all be paid for at the 
contract unit price bid per cubic yani for Alaterial Hauled Additional Quarter 
Mile. 

Item 40. Sledged-stone Base Course^ 

40,1. Description. —This item shall consist of a foundation course for 
surflicc courses, or for other base courses, shall be composed of large stones 
wedged in place by small stones and spalls and leveled up with broken stone 
and binder, and shall be constructed on the prepared subgradc in accordance 
with these specifications, and in conformity wdth the lines, grades, and typical 
cross-section shown on plans. 

40.a. Material.—The stone shall be a good grade of limestone or sandstone, 
free from excess of shell, .soapstone, or other similar material with a per cent 
of wear of not over 8. Thin stones which break into slabs shall not be used. 
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The stones shall not be over 12" in their largest dimension. The broken 
stone shall be of a size to pass the screen. The binder shall be screen' 
ings, gravel, caliche, or other approved material which shall pass the 
screen. 

40.3. Construction Methods. —The large stone shall be dumped and spread 
upon the prepared subgrade, and broken with sledges until there are no 
stones near the top of the course larger than 6". When the sledging has 
been finished, the surface shall be rearranged to insure uniform distribution 
of the material, the larger voids filled with the spalls, and the course rolled. 
The surface shall then be bonded with sufficient crushed stone and binder 
to fill the superficial voids, and the course finished to conform to the line, 
grade, and typical cross-section. 

40.4. The rolling shall be as prescribed under Extra Rolling and Sprinkling 
for Base Courses, and the surface shall be sprinkled if ordereil by the engineer. 
Any irregularities that develop during or after rolling shall be remedied 
by loosening, adding or reraov'ing material, and rebonding. The surface 
shall be maintained in its finished condition until accepted. 

40.5. Method of Measurement. —Work and acccptetl material shall be 
measured by the cubic yard of matcnal, loose measurement, as delivered on 
the road. 

40.6. Basis of Payment. —When a unit price for Sledging Stone is requested 
and tendered in the proposal, the material fumi.shcd as prescribed tor this 
item shall be paid for at the contract unit price so bid. When such price is 
not so requested, right-of-way charges and royalties on the material in 
the pit will not be a charge to the contractor. 

40.7. The work performed as precribed for this item, measured as pro- 
viied under Measurement, shall be paid for at the contract unit price bid 
per cubic yard for Sledged-stone Base Course, which price shall be full 
compensation for loading all material, hauling not over >4 mile, delivering on 
the road, spreading and finishing, all labor, equipment, tools, and incidentals 
necessary to complete the work except roiling, and sprinkling. Hauling 
into each quarter mile l)eyond the first quarter mile shall be paid for at the 
contract unit price bid per culnc yard for Material Htiulcd .\dditional Quarter 
Mile. 

Item 41. Crusher-run Broken-stone Base Course' 

41. X DescriptioxL—This item shall consist of a foiin<!ation course for 
surface courses, or other base courses, shall be composed of crushed stone 
and screenings as the material comes from the crusher, and shall l>c con¬ 
structed on the prepared subgrade, or other completed base course, in accord¬ 
ance with these specifications, and in conformity with the lines, grades, 
compacted thickness, number of component courses, and typical cross-scction 
shown on the plans- 

4X.2. Material.—The stone shall not contain more than 5 % of partially 
decomposed particles, and not more than s % of flat or elongated pieces, the 
width of which is less than half the length. The material may be unscreened 
or partially screened, but when tested by laboratory methods the stone shall 
meet the following requirements: 


Retained on the 3* 1»" screen. o to s % 

Retained on the 2" screen . 25 to 60 % 

Retained on the Va" screen. y5 to 100 % 

4X.3* Screenings for additional binder shall be the product from sin 
atone which shall meet the fohowing requirements; 

Retained on the i" screen. 0 to s % 

Retained on the 14" screen. 20 to 60 % 


41.4. Construction Methods.—The subgrade shall be rolled. The stone 
shall be delivered in slat-bottom wagons or approved trucks, and uniformly 
dumped on the subgrade, spread to such a depth that when compacted the 
thickness shown on the plans will be secured, shaped to conform to the typical 
cross-section, and rolled. The aubgradc shall be thoroughly dry when the 
material is delivered; each day's hauling shall be spread the same day. 
When the width of base course is more than 12' the material shall be dumped 
in two equal rows. The thickness of the course as well as the material shall 
be strictly uniform. Side forms, and either center forma or cubical blocks, 
shall be used to fix the depth of loose material. All areas and ‘'nests" of 
> Texas. 








FOUNDATIONS 


1433 


segregated coarse or fine material shall be removed and replaced with well- 
graded material and rerolled if necessary. 

41.5. The rolling shall be as prescribed under Extra Rolling and Sprinkling 
Base and Surface Courses. After thorough rolling, and if found necessary, 
screenings shall be spread with shovels in a uniform layer. The screenings 
shall not be dumped directly on the surface of the coarse stone. The 
course shall be further rolled and sprinkled if ordered by the engineer, the 
surface shall be thoroughly bonded to his satisfaction, and finished to con¬ 
form to the line, grade, and typical cross-section. 

41.6. If any irregularities develop in the surface during or after rolling, they 
shall be remedied by loosening, adding or removing material, and rebonding. 
The surface shall be maintained in its finished condition until accepted. 

41.7. If at any time the subgrade material should become churned up or 
mixed with the base course, the contractor, without additional compensation, 
shall dig out and remove such mixture, reshape and compact the subgrade, 
and reconstruct the base course with new material. 

41.8. When the typical crriss-section requires that this item be built in 
more than one course, each course shall be constucted independently after 
the previous one is completed and accepted, all as prescribed above. 

41.9. Method of Measurement.— Work and accepted material shall be 
lueasurerl by the cubic yard of material loose measurement, as delivered on 
the road. 

41.10. Basis of Payment,—The material furnished as prescribed by this 
item shall l>e paid for at the contract unit price per cubic yard for Crusher- 
run Broken Stone, which price shall also be full condensation for quarrying, 
crushing, and screening, and freight involved. The work performed as 
prescribed for this item, measured as provided above, shall be paid for at the 
contract unit price per cubic yard bid for Crusher-run Broken-stone Base 
Course, which price shall l>e full compensation for loading all material, 
hauling not over '4 mile, delivering on the road, spreading and finishing, all 
labor, equipment, tools, and incidentals necessary to complete the work 
except rolling, an(l sprinkling. Hauling material into each additional quarter 
mile beyond the first quarter mile shall be paid for at the contract unit price 
per cubic yard bid for .Material Hauled Additional O'^^^rter Mile. 

Item 42. Water-bound Gravel or Broken-stone Macadam Base Course* 

43.1. Description.—This item shall consist of a foundation course for 
suidacc courses or pavements, shall be composed of washed gravel or broken 
stone and hinder, and shall be constructed on the prepared subgrade or other 
completed base course in accordance with these specifications, and in con¬ 
formity with the lines, grades, compacted thickness, and typical cross-section 
shown on the plans. 

43 . 3 . Material.—The broken stone shall consist of angular fragments of 
rock (excluding schist sliale or slate) (»f uniform quality throughout, with not 
more than s % of soft friable material, not more than 5 of flat or elongated 
pieces the width of which is less than half the length, and with a per cent of 
wear of not more than 8. When tested by laboratory methods the stone 
shall meet the following requirements: 

Retained on screen. o~ 5% 

Retained on 2 "screen.25-60% 

Retained on -^i" sert^en. 100% 

43.3. The washed gravel shall consist of rounded or angular fragments of 
rock with nor mc/rc than 5 % of slate, shale,or sitft sandstone particles, and 
shall bo free from org.anic matter, clay. h^nm. or pebbles coated therewith. 
It may be crushed or uncrushed, and shall have a per cent of wear (abrasion 
test for gravel) of not more than 18. When tested by laboratory methods 
it shall meet the follow'ing requirements: 


Retained on 3!-^" screen. ^ 5% 

Retained on iW' screen. 25- 60% 

Retained on screen. 95-100% 


43.4. Screenings shall consist of material equal in quality to that specified 
for Broken Stone above, and shall be that product of the crusher, including 
the dust of fracture, which will meet the following requirements: 


Retained on H" screen. o- 5% 

Retained on screen. 20-60% 

Passing 300 -mesh sieve. 5-20% 
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43.5. Construction Methods.—The subg^rade shall be rolled and shall be 
dry and clean of all foreign substances. The stone or gravel shall be fur¬ 
nished, spread upon it to such loose depth that when completed the com¬ 
pacted depth shown on plans w'ill be obtained, harrowed if necessary, sloped 
to the typical cross-section, and dry rolled. The stone shall be spread with 
-.hovels from storage piles along the side of the roailway or from dumping 
iioards or may be spread directly from approved vehicles. The gravel may 
'■e dumped in two equal rows and shaped by grading machine or road dmg, 
lirovided it is shaped the same day it is dumped. The thickness of the course, 
.^s well as the material, shall be strictly unib^rm. Side forms, and either 
center forms or cubical blocks, shall be used to fix the depth of loose material. 
The shoulders shall be built up to support the edges of the course as directed. 
.•Ml areas and “nests" of segregated coarse or fine material shall be removed 
and replaced with well-graded material. 

42.6. The dry rolling shall be done with a self-propelled roller weighing 
not less than 8 tons. The rolling shall be longitudinal, shall begin at th<' 
sides, overlapping the earth shoulders at least 6", and progress gradually 
to the center. At any low places that develop the material shall be loosened 
and the necessary' ad<litional material placed anti rerollcd. The entire 
surface shall be thoroughly rolled until all settlement has ceased. 

43.7. Screenings shall be applied gradually over the surface during the 
dry rolling in such an amount as will completely fill the intcr.stices. The 
screenings shall not be dumped on the surface of the stone or gravel, but shall 
be cast thinly with a spreading motion of the shovel and broomed into the 
voids. The rolling shall continue wliile the screenings are being spread, so 
as to aid by jarring the fine material into the interstices. The screenings 
shall not be allowed to cake or "bridge" on the surface so a.s to prevent the 
filling of the voids or the direct bearing of the roller on the surface of the 
stone or gravel. The spreading and rolling shall continue until no more 
screenings will go in dry and the whole surface conforms to the line, grade, 
and tvpical crfiss-section. No excess screenings shall be used. 

43.6. Dumping of ashes and cinders from the firebox on the course must 
not be allowed and any litter must be removed from the stone or gravel 
l>efore the roller passes over it. 

43.9. After the dry’ rolling and filling is complete, the surface of the course 
shall be sprinkled with water until thoroughly saturated and more sc recnings 
added and rolled. The sprinkling and rolling shall continue until a grout 
forms in front of the roller that will fill all void.s. The work shall then be 
permitted partially to dry out, and the rolling shall be continued on succes 
sive days until the bond is complete anil the surface dr)es not creep or wave 
under the roller. The surface ot the course shall be maintained in its finished 
condition until accepted. 

43.10. Method of Measurement. —The work completed and accepted 
shall be measured by the square yard. 

43.11. Basis of Payment. —All work performed under this item ami meas¬ 
ured as provided above shall be paid for at the contract unit price per square- 
yard bid for Water-bound Gravel or Hroken-stone Macadam Base Course, 
which price shall be full compensation for purchasing, furnishing, quarrying, 
screening, hauling and delivering on the road, and rolling all materials, for 
all labor, equipment, tools, and incidentals necessary to complete the 
work. No overhaul will be allowed. 


BOTTOM COURSE 

Item 43. Bottom Course, Screened Gravel; Item 44. Bottom Course, 
Broken Slag; Item 45. Bottom Course, Broken Stone^ 

a. Work. —Under these items the contractor shall furnish and place stone, 
slag, or gravel, conforming to the general requirements for same, either 
upon the properly preparea subgradc or upon the foundation course. This 
stone, slag, or gravel shall be of sizes specified below, 

h. Material. —After the subgrade or foundation course shall have been 
i/Toperly prepared and proper drainage provided, a course of broken stone, 
broken slag, or gravel of graded No. 4 or a uniform mixture of Nos. 3 and 4 
shall be spread evenly so that it will have, after rolling, the required thickness. 

In cases where the finished thickness of the bottom course is of more 
than s'' the broken stone, broken slag, or gravel for it shall be spread, rolled, 
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and filled in two separate layers, neither of which shall be of a greater depth 
than 6" measured loose. 

c. Gaging Blocks.—The depth of loose stone, slag, or gravel in all cases 
shall be gaged by the use of cubical blocks of suitable size. 

d. Dumping on Roadway. —The spreading of any layer or course of broken 
stone, broken slag, gravel, or filler, whether in foundation, bottom, or top 
courses, shall be done from suitable spreader wagons or from piles dumped 
along the road as directed by the engineer, 

Xo segregation of large or tine jjartitles will be allowed, but the stone, 
slag, or gravel as spu-ad shall be well graded with no pockets of fine material. 

e. Rolling and Filling.—After the bottom course of stone, slag, or gravel 
has 1 cen laid hio^-.e it shall Ijc thoroughly rolled with an approved roller 
wj'ighing nvit less than lo tons. 

This rolling niiet begin at ihe sides and continue tow'ard the center and 
s' all continue until tiiero is no movement of the course ahead of the roller. 
After the c<air e is tiioronghly compacted, Xo, i stone, slajt, or gravel, and 
siTcciiings or s.uid. or a mixture of these, shall be uniformly spread upon the 
surface and swept in w'ith rattan or steel brooms and rolled dry. .\fter the 
completion of the rolling no teaming other than that necessary for bringing 
material for the next course shall be alh.wcd over the rolled material. It is 
the intcntioii to bind tins course with the sir.all stone cir slag, but no su^lus 
of filler will be ahowed on this cmirse. This course shall not be laid in 
excess of soo lin. ft. with.out being rf)!lcd and thoroughly filled so as to render 
It waterproof and thereby prevent tlic softening up of the subgrade. 

j. In Case of Two Courses.—When two e-.urscs are laid each course shall 
be treated by rolling and adding fine matc-nal as described above. 

g. Replacing.— If tiic subgradc material shall become churned up into or 
mixed with the bott- ni or subbottom courses through the contractor’s 
hauling over it nr working on it when the subgrade is in a wet condition, 
the contractor sliall at hi-; own expense remove such mixture of subgrade 
material and broken stone, broken slag, or gravel and replace it with clean 
broken stone, broken slag, or gravel of the proper size, ami shall roll or other¬ 
wise compact the material so as to produce a uniform, firm, and even bottom 
course. 

If the above condition occurs th.rough no fault of the contractor, the 
contractor shall be paid both for excavating and replacing under the items 
iixcav.itmn and Bottom Course respectively. 

h. Piles of Filler.—All filler shall be deli vered and piled alongside the road 
before the course in which it is to be used is placed. 

I. Measurement and Payment. —The quantity to be paid for under these 
items respectively shall be the number of cubic yards of compacted material 
in place in the completed course. The amount to be estimated shall be 
computed by multiplying the finislied cross-section of bottom course, as 
sh*'wn upon the plans or ordered by the engineer, by the length of the 
bottom course measured along the axis of the pavement. 

The price bid for the respective items shall cover the furnishing, placing, 
filling, rolling of the material, and all labor and incidental expenses necessary 
to complete the work. 

Item 50. Binder Course, Bituminous Macadam, Mizini; Method^ 

a. Work.—Under this item the contractor shall construct a bituminous 
binder course of the thickness sho\yn on the plans, consisting of compact 
broken stone and Intuminous material upon a previously prepared founda¬ 
tion. It sliall bo laid in conformity w'ith the lines and grades shown upon the 
plans or ordered by the engineer. A smooth finish will be insisted upon, 
free from irregularities and wavines.s. 

ft. Material and Method.—The broken stone used in this course shall be of 
accepted material of Xo, i size. 

c. The mineral aggregate for the binder course shall be heated in revolving 
drivers to between j 2 s and 300'’F. The mineral aggregate shall be con¬ 
tinuously agitated during the heating. 

d. The bituminous material to be used in this course shall conform to the 
specifications for bituminous material A. type a. 

e. The bituminous material A shall l>e heated in kettles so designed as to 

admit of an even heating of the entire mass, with an efficient control of the 
heat at all times. The bituminous material shall be heated to a temperature 
between 275 and 32S*F. All material heated above cither before or 
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during mixing with the broken stone, or which has been damaged by lon^- 
continued heating, shall be rejected. No asphalt cement shall be heated in 
kettles containing tar. 

/. When thoroughly heated to the proper temperatures, the bituminous 
material and the mineral aggregate for the binder course shall be mixed in 
such proportions as to give from s to 8 % by weight of bitumen in the com¬ 
pleted mixture. The contractor shall provide means for accura^ly propor¬ 
tioning the mixture. The mixer shall be of satisfactory design, having 
revolving blades and efficient means for keeping the temi>erature at the 
desired point without burning the bitumen. The mixing shall continue 
until every particle of the mineral aggregate is thoroughly coated with the 
bituminous material and a uniform mixture has been obtained, which when 
discharged shall have a temperature between 225 and 300®F. 

g. The use of batteries of small batch mixc’-s will not be allowed. 

A. The bituminous mixture, heated and prepared as specified above, shall 
be delivered from the mixer to the point of «leposition in the pavement, 
if at a considerable distance, in suitable trucks or wagons, provided with 
canvas covers for retaining the heat. To prevent undue compacting on 
long hauls, partitions may be required for large truck loads. As delivered, 
the mixture shall have a temper.ature of at least 20o‘'l'. Material having a 
lower temperature than this shall not be laid in the pavement. Before the 
mixture is placed, all contact surfaces of curbs, edging manholes, etc., shall 
be well painted with hot bituminous material. The mixture shall be imme¬ 
diately spread over the foundation course by men experienced in such work, 
so that when rolled it shall have the required thickness and shall be free 
from surface depressions and irregularities. The hot paving mixture shall 
not be dumped in large masses upon the foundation. It shall be dumped upon 
platforms and shoveled with hot shovels into po'^ition in the pavement. 

i. The binder course, placed as above specified, shall be compressed with 
hot hand tamps along the curbs, around manholes, and other edgings. It 
shall be rolled at once while the material is still warm and pliable, beginning 
at the edges and working toward the center. The roller wheels shall be 
swabbed with crude oil to prevent the asphalt from sticking to the roller. 
Rolling shall continue without interruption until all n-ller marks disappear 
and the surface shows no further compressibility. All places which the 
roller cannot effectively reach shall be compresed with hot lamps. 

j. The finished surface of the binder course shall l)c tested with a 10* 
straight-edge laid parallel with the center line of the pavement, upon any 
portion of the surface, and any depressions exceeding shall be satis¬ 
factorily eliminated or the course relaid. 

k. No more binder course shall be laid at any one time than can be covered 
by 3 days’ run of the paving plant on surface mixture. 

/. Roller.—Rollers used for the binder course shajl be well-balanced, self- 
propelled tandem rollers of satisfactory design, weighing between 7 and 8 
tons. They shall give a compression under the rear roller of between 200 
and 300 lb. per lineal inch of roll, and shall he provided with an ash pan which 
shall prevent ashes from dropping upon the pavement. 

m. The contractor shall provide a sufficient number of accurate efficient 
thermometers for determining the temperatures of the bituminous malcnal 
and mineral aggregate at all stages of the work. 

n. Measurement aad Payment.—The quantity to be paid for under this 
item shall be the number of tons of material incorpr)ratcd in the pavement, 
exclusive of the bituminous material, as shown on the plans or directed by 
the engineer. 

The price bid shall cover the furnishing (bituminous material excepted), 
heating, placing, rolling, and compacting of all materials, together with all 
other labor and incidental expenses necessary to complete the work 
satisfactorily. 

The furnishing of the bituminous material will be paid for under the 
appropriate item, therefore, as shown on the proposal sheet. 

Item 43. Bituminous-concrete Base Course > 

43 - 1 . Description.—This i^m shall consist of a bituminous-concrete 
foundation course for bituminous surface courses or pavements, shall be 
composed of coarse and fine mineral aggregate and bituminous cement, 
and shall be constructed on the prepared subgrade or completed base course 
in accordance with these specincations and in conformity with the lines, 
grades, compacted thickness, and typical cross-section shown on the plans. 
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43.3. Material.->-The mineral aggregate for the mixture shall consist of a 
coarse aggregate of crushed stone or gravel, and a line aggregate. Samples 
of the coarse and fine aggregate shall be submitted in accordance with 
standard prescribed methods, and approval both of the material and of the 
source of supply shall be obtained from the engineer, prior to delivery of 
material. Material shipped in dirty cars or vehicles will be rejected. The 
coarse aggregate shall consist of clean, tough, durable fragments of rock 
(excluding schist, shale, or slate) of uniform quality throughout, shall be 
free from an excess of thin or elongated pieces, and free from s^ ft or disinte¬ 
grated stone, dirt, organic, or other injurious matter occurring either free 
or as a coating on the stone. The aggregate shall have a per cent of wear 
of not more than 7 for stone and not more than 15 for gravel (abrasion test 
for gravel) and when tested by laboratory methods shall meet the following 
requirements: 


Passing 2^-^" screen. 100 % 

Passing I>4''screen. 25-75% 


45.3. The fine aggregate shall consist of sand or a combination of sand 
anfi screenings, composed of hard durable grains free fro.n clay organic 
matter or any soft or injurious material. When tested by laboratory 
methods, it shall meet the following requirements: 


Passing 
f'i" screen 
>>4" screen 
10 
40 
80 
200 


Retained on 

10-mesh sieve 
40 
80 
200 


100 

0-20 

lS-50 

25-65 

7-40 

9-b 


43.4. The bituminous material shall meet the requirements given below 
for OA-7, NA-7, or NA-9. The material shall be homogeneous, free from 
water, and the asphalt material shall not foam when heated to I75^C. 
(d47“F.). Oil aspha’t for any one contract shall not vary more than 0.020 
in specific gravity nor more than io”C. in meHing point within the test 
limits above specified. 

43.5. OA-7. Oil asphalt. 

Specific gravity 25“/25°C. (77‘*/77'*F.).N’ot less than 1.020 

Flash point.Not less than I7S”C. (347'’F.) 

Melting point.45"C. (1 i3‘'F.)-6s"C. (149"?.) 

Penetration at 25‘’C. (77'’F.), 100 g,, 5 sec.4t>~50 

Loss at i 63®C. (325'’F.), 5 hr.Not more than i.o % 


a. Penetration of residue at 23®C. (77*F.), 100 g., 5 sec... .Not less than 25 

Total bitumen (soluble in carbon disulphide), not less than 99-5 %* 

b. Organic matter insoluble.Not more than 0.2 % 

43.6. NA-7. Fluxed Bermudez asphalt. 

Specific ^avity 2S*/25‘’C. (77*/77®F.).i. 05 S-i -075 

Flash point.Not less than i75°C. (347"F.) 

Melting point. 4S*C. (iI3*F.)-S5‘‘C. (i3i*F.) 

Penetration at 25‘’C. (77*F.), 100 g., 5 sec.40“SO 

Loss at i 63*C. (325“F.), 5 hr.Not more than 3.0 % 

a. Penetration of residue at 2s“C. (77®F.), 100 g., s sec_Not less than 20 

Total bitumen (soluble in carbon disulphide), not less than 94.0 %. 

b. Inorganic matter insoluble. 2 .5-4*0 % 

43.7. NA-9. Fluxed Trinidad asphalt. 

Specific mvity 2S*/2S®C. (77*/77*F.).I.2I0-I.370 

Flash point.Not less than I7S®C. (347*F.) 

Melting point.S0®C. (i22®F.)-6o*C. (i40*F.) 

Penetration at 25*C. (77*F.), 100 g., 5 sec.40~S0 

Loss at i 63*C. (325*?.), s hr.Not more than 3.0 % 

a. Penetration of residue at 25®C. (77®?.), 100 g., s sec.Not less than 20 

Total bitumen (soluble in carbon disulphide), not less than 65.0 %. 

b. Inorganic matter insoluble.22.0-32.0 % 

43.8. Proportions of Materials in Total Mixture.—In addition to the 
previous requirementa. the coarse aggregate, fine aggregate, and bituminous 
























SPECIl'lCATIONS 


1438 


material shall be so graded and proportioned by weight that when combined 
a tot^ miiture of the following proportions will be secured: 


Passing 


Retained on 


2W' screen 
screen 
>4" screen 
lo-mesh 
^00 


screen 
^4" screen 
10-mesh sieve 


Bitumen (soluble in carbon disulphide), 4-7 


% by 
Weight 

\T4l\ 

10-25 

15-35 

3 - 5 


43.9. The proportions shall be varied within the limits designated as 
directed by the en.pneer, but neither the type nor proportions of material 
shall be varied without the con'.ent of th.e engineer. The percentage of 
bitumen in the finished base covirsc shall not vary more than one-half of 1 VI 
from the proportion established by th.e engineer. Unvarying uniformity is 
of prime importance and b .th the proportioning and treatment ('f all mate¬ 
rials must be maintained consistently Satisfactory to the engineer th.roughout 
the construction period, and. wirenever required by him, samples of the liot 
mixture may be taken several trnes daily, and the mixture, to be acceptable, 
must invariably conform to all roijunements, 

43.10. Preparation of Mineral Aggregate.—The coarse and fme aggregate 
shall be heated as directed to between 2so to 350 T'. in r uitablc apparatus in 
which the aggregate shall be continuously agit.itcd during the h.eating and in 
which the temperature can be clhcieritly and positively controlled. 

43.11. The bituminous materi il shall be separately he.ited, with elective 
control of the temperature at all times, to lietween 250 uud 350°I’. All 
material heated above 35<>“F. cither before or during the mixing with the 
mineral aggregate shall be rejected. 

43.13. Mixing. —The constituent proporti.ms of the mineral aggregate 
shall be measured separately and accurately by weight or vcduine by accurate 
plant methods which meet t!ic engineer's specific written at»proval. The 
required Quantity of hot bituminous inateiial tor each batch shall Ise measure 1 
by actual weigh.ing with accurate scales attached to the bucket. Tl.e 
measunng and proporti mir.g shall be such as to secure accurately and con¬ 
sistently the graded imxturc prescribed by these specifications. Batches 
shall be uniform and shall not lx; varied cx<’ept by direction ui the engineer. 
The mixing shall be done in an approved batt h mixer, which shall be designed 
and operated as to produce and discharge a uniform mixture f>i thoroughly 
coated mineral aggregate and bituminous material as prcs( riljcd. The 
heated bituminous material shall lx; introduced m the mixing chamber aher 
the mineral aggregate has been previously mixed therein. The mixture as 
discharged shall be at a temperature between 250 ami 350'T'., and shall not 
vary more than 30® from the temperature set by the engineer within those 
limits. The plant must be provided with separate heating and mixing cham- 
l>ers, no direct heat except steam shall be applied to the exterior surface of 
the mixing chamber, and no flame shall be allowed to pa through the mixing 
chamber. 

4^.13. Placing.—The prepared mixture shall be transported from the 
mixing plant to the road in tight vehicles previously cleaned of all ff>rcign 
matenala, and shall be delivered on the road at a temperature between 250 
and 3S0®F. If required by engineer, the loads shall be protected from the 
weather by canvas, or other suitable material. No loads shall be sent out so 
late in the day as to prevent spreading and rolling the mixture during day¬ 
light, unless artificial light satisfactory to the engineer is provided. The 
work shall be done only when weather conditions, in the opinion of the 
engineer, are suitable. 

43.14. Prior to the arrival of the hot mixture upon the work, the subgradc. 
having been rolled, shall be thoroughly bonded with no loose or foreign 
particles on its surface, and shall l>c dry, or in any case free from standing 
water. Contact surfaces of curbs, gutters, manlujlcs, etc., shall be painted 
with a thin uniform coat of hot asphaltic cement, rir asplialtic cement 
dissolved in naphtha, just before the surface mixture is placed against them. 
Upon arrival at the work^ the hot mixture shall be dumped on approved 
steel “dump boards” outside of the area upon which it is to be spread, and 
immediately distributed into place by means of hot shovels and spread with 
hot rakes in a uniformly loose layer of such depth that when compacted 
the depth shown on the typical crosa-scction will m obtained. Adjacent to 
flush curbs, gutters, etc., tne mixture shall lx; raked uniformly high, so that 
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it will be slightly above the cd^e of the curb or flush structure. The mixture 
shall be rolled at once while it is still warm and pliable, beginning at the 
edges and working toward the center. The rolling shall be done by tandem 
rollers weighing not less than 8 tons, or by a similar tandem roller and a 
thrce-wheeled roller weighing not less than 10 tons. Means for preventing 
the bituminous material from adhering to the roller shall be provided as 
directed by the engineer. The rolling shall progress continuously at the 
rate ■>{ not more than 200 sq. yd. per hour per roller and shall incli de longitu- 
d n.tl rolling and two diagonal rollings approximaloly at right angles to each 
other. The motion of the ndlers shall be at all times slow enough to avoid 
displacement of t!ie hot mixture or any tendency to the creation of waves, 
and shall be continued until all roller marks disappear and the course has a 
density of not less than 95 % of its maximum calculated density. For a 
radial distance of 8" around all structures and all places inaccessible to the 
rollers, compression shall be effected by hot iron tampers of bearing area of 
4.S sq. in. or more, and weight of not less than 2> lb. 

43*I5* Joints.—Placing of the base co\irsc shall be as nearly continuous as 
j'ossihle, and the roller shall pass over the unprotected end of the freshly 
laid mixture only when the laying of the course is discontinued for such 
length of tiir.e as to permit the inixtiire to become chilled. In all such cases 
when tlie wi.rk is resumed tlie material lai<l shall be cut back so as to produce 
a slightly beveled edge for the full thickness of the course. The old material 
which has been cut awav shall be removed from the work and new mix laid 
against the fresh cut. If desired, a stout foe may be stretched across the 
pavement where the joint is to be made. When iho work is resumed, the 
material lanl shall he cut hack to the rope, which will be removed tt^gether 
with the surplus material and the fresh mix laid against the joint thus formed. 
Hot smoothing irons may l)e used for sealing joints, but in such case extreme 
care shall l)e exercised to avoid burning the surface, 

43**6. Surface Finish and Tests. —The surface (:)f the mixture after rolling 
sli ill be stn )Oth, dome, and true to the establishe<i crown and gtrade. Before 
the completion of the rolling the surface sh.all be tested as follows, and 
corrected as necessary by properly adding or removing hot mixture, retesting, 
.md rcrolling until the Umshed surface cuinphes with, the test requirements. 

43.17. Surface Tests. —The finished course shall show no deviation from 
the general surf.ice in excess of *4" as showm hy deviation from a 10' straight- 
t dge laid parallel to the center line of the road so as to bridge any depressions 
aiid touch all high sp^)ts. 

43-t8- Such portions of the course as are defective in finish, density, or 
composition or become loose, broken, or mixed with dirt prior to the applica¬ 
tion of the wearing surface shall be removed and replaced with fresn hot 
mixture and rebuilt in accordance with these specifications at the expense of 
the contractor. The base course sh.all be protecteti from traflic until cohl. 

43. IQ. The surface shall be maintained in its finished condition until 
accepted. 

43 . 30 . Method of Measuremeot. —This item shall be measured by the 
squ.are yard complete in place. 

43 . 31 . Basis 01 Payment.—The yardage of completed and accepted work 
measured as provided aliove shall be paid for at the contract unit price bid 
per sciuarcyard, for Bituminous Concrete Base Course, which price shall 
be full compensation for quarrying, furnishing, hauling, and placing all 
material, for preparaion of all material, for all labor, equipment, tools, and 
incidentals necessary to complete the work. 

Foundation Typb C 

74A. PORTLAND CEMENT CONCRETE 
I. Composition. 

ThLs foundation shall be prcpurcd from concrete having the following 
composition: Portland cement one (i) bag, fine aggregate three (3) cubic 
feet, coarse aggregate five (5) cubic feet by volume, unless the character of the 
aggregate is such that the specified Quantity of cement required per cubic 
yard is not secured. In such cases, the ratio of cement to fine aggregate or 
of fine aggregate to coarse aggregate, shall be changed as herein provided 
so that the specified quantity of cement will be secured per cubic yard of 
concrete. The Contractor will receive no additional compensation for 
making such changes. 

Concrete headers, when integral with the foundation, shall be constructed 
ol the same aggregate used in the foundation, but shall have the following 
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composition: Portland cement, one (i) bag; fine aggregate, two ( 3 ) cubic 
feet; coarse aggregate, four (4) cubic feet, 

2 . Material!. Required. 

Cement—The cement shall meet the requirements gfiven in Article 96, 

Fine Aggregate—The fine aggregate shall be concrete sand as defined in 
Article 9Sb. 

Coarse Aggregate—The coarse aggregate shall be trap rock, dolomite or 

.. concrete size or grade as specified in Articles 92 to 94 

inclusive. ' 

Cement and Aggregate—Before any orders are placed or deliveries made, 
the Contractor shall obtain the Engineer’s written approval of the cement, 
fine and coarse aggregates he intends to use. In making requests for sai<i 
anprov.al, the Contractor will give the name, producer, location, and method 
or shipment of these materials. 

Water—All water used in concrete shall be clean, free from oil, acids, alka¬ 
lies, sea salts, vegetable matter, or ingrcdient.s that are injurious to concrete. 

Joint Filler—Ail joint fillers used shall comply with the requirements given 
therefor in Article 103 for Crade M. A. Joint Fillers. 

3. General. 

The completed foundation shall have the width, thickness and surface 
contour shown on plans. 

A cubic yard of concrete shall contain not less than four and sixty-four 
hundredths (4.64) bags of cement. 

The Engineer shall compare the calculated amount of cement required 
according to these specifications, with the amount actually used, as deter- 
n ined by actual count of the number of bags of cement used per day. If 
the amount of cement used during any three (3) consecutive days is less by 
more than fiv'c (s) per cent, or if the amount of cement used during any 
one day is less by more than ten (lo) per cent of the amount hereinbefore 
required, the Contractor shall, at his own expense, remove all such concrete 
and replace the same with new concrete, constructed according to these 
specifications. 

The subgrade must comply with the requirements .specified in Articles 67. 
68 and 73. In addition it must be kept ctinstantly wet at Ica.st fifty (50) feet 
in front of the mixer. To secure the dc.sired depth of saturation, the .sul>- 
gradc shall be sprinkled at frequent inter\’als. The rapidity with which the 
water shall be applied and the Quantity u.scd shall var>' with the character 
of the subgradc. The depth ol saturation for sand and gravel subgrades 
shall not be lc.s.s than four (4) inches, for clay and clay loam subgradcs not 
less than three (3) inches. The rate the water is applied and method of 
sprinkling employed, .shall be such as not to form piools of water on the 
surface of the subgrade yet all parts of the subgradc must be saturated to the 
depth required before any concrete is applied thereon. 

After the subgrade has lK*en properly wet it must be protected in the 
manner ordered by the Engineer .so that ruts arc not formed during the 
hauling of the aggregate or paving mixtures. 

All materials used in a concrete foundation must be kept clean during 
transportation and hauling. Neither the coarse or fine aggregate shall be 
deposited upon the subgrade shoulders or adjacent gutters unless permission 
is given therefor in the ” Proriosal/’ When de^>osited in piles adjacent to 
the work the ground upon which the material is deposited must he hard, 
firm, well drained and tree from all vegetable matter. All devices used in 
measuring these aggregates shall be so constructed that they wil| hold the 
exact volume of material required, and meet the approval of the Engineer. 

No concrete shall be prepared or laid until the condition of the equipment 
that will be used in the preparation thereof ha.s been approve<l in writing by 
the Engineer. This approval will be required for each contract and shall be 
requested by the Contractor sufficiently in advance of starting work to per¬ 
mit of any required changes being made .without delaying the work. 

The Contractor shall provide such measuring devices as will insure the 
required quantity of each ingredient being used in each hatch. All such 
devices and the method of measuring the materials must be approved by the 
Engineer, A bag of portland cement ninety-four (94) pounds net, shall be 
considered as one (i) cubic foot. 

The proportions of fine and coarse aggre^te required to be used to secure 
the specified cement content, also the consistency required and the crushing 
strength of the concrete thus prepared, shall be determined by the Engineer 
Theae factors must be determined for each contract during the preparation 
ol the initial concrete. No concrete shall be laid until they have been thus 
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determined. When so determined they shall only be chan§;ed when the 
required cement content is not being secured. The Construction Inspector 
shall notify the Engineer when the initial concrete will be prepared, said 
notice to be given at least five (s) days previous to its preparation, also 
whenever the required cement content is not being securea. 

Concrete shall not be mixed or laid when the atmospheric temperature in 
the shade or the temperature of the aggregate is at or below 32 deg. P. When 
written permission is secured from the Engineer to construct pavement when 
the temperature drops below 32 deg. F. at night, the concrete must be pro¬ 
tected from freezing by one of the following methods. Any concrete that 
has been frozen before it is five days old shall be replaced. 

1. After the strips of canvas or burlap have been removed, the concrete 
shall be covered with a six (6) to eight (8) inch layer of straw or salt hay over 
which a canvas cover shall be spread and firmly fastened in place. This 
cover shall be at least four (4) feet longer than the pavement is wide, laid 
across the pavement with edges overlapping, and the edges of each layer 
firmly fastened in place by straps or weights. Upon this canvas there is then 
placed another layer of straw if the weather is fairly severe. 

2. Board are placed across the center of the concrete at frequent intervals 
upon which a steam pipe is laid. The entire pavement is then covered with 
wooden trestles slightly longer than the pavement is wdde and which are of 
sufficient height to leave an air space of not less than six (6) inches above the 
pavement surface. These boards arc then covered with canvas or strips 
of tarred paper which must be firmly fastened in place. Steam is then 
passed through the pipe until the weather has moderated or the pavement 
IS at least five days old. 

During very severe weather this method of protection should always be 
used and it may be found necessary in extreme cases to cover the canvas 
with a layer of salt hay or straw. 

4. Surface Finish. 

The finished surface of the concrete shall be uniform in appearance, free 
from all loose or partly imbedded stone, lean or porous spots, depressions 
or projections that arc over three-eighths (^h) inch above or below tne speci¬ 
fied surface of the concrete as determined by a straight edge, not less than ten 
(10) feet long laid parallel to the center line of the pavement. It must also 
be at the required grade and parallel to the finished surface at all points. 

5. Consistency. 

The consistency of the concrete shall be determined by the slump method. 
When the slump has been determined for concrete containing a given aggre¬ 
gate, no subsequent concrete prepared from these aggregates shall have any 
greater slump. All concrete that has a greater slump shall be removed from 
the roadway before any initial set has developed. Said slump shall be deter¬ 
mined with a truncated cone twelve (12) inches high, eight (8) inches diam¬ 
eter at the base, and four (4) inches diameter at the top. 

When the require consistency of the concrete has been established bv the 
method defined above, the crushing strength of this concrete shall be deter¬ 
mined by six (6) inch cubes. These cubes, and all subsequent cubes taken 
and tested, shall be moulded and cured in the field in the .same manner, and 
^sted when twenty-eight (28) days old. In determining the average crush¬ 
ing strength of this concrete, not less than three (3) nor more than five (5) 
cuDcs shall be taken at irregular intervals from diltercnt batches of concrete. 
When the average strength of this concrete has been thus determined, all 
subsequent concrete prepared from the same aggregates shall have a crushing 
strength of not less than seventy-five (75) per cent of this average, and not 
more than ten (10) per cent of the indivnciual samples shall have a crushing 
strength le.ss than ninety (90) per cent of this average. 

6 . Mixing Concrete. 

The materials shall be mixed in a concrete mixer of th'^ batch type, having 
a capacity of not less than three (3) baps of cement per batch of concrete of 
the composition herein specified. Said mixer shall be equip; ed wnth an 
automatic locking device that will prevent materials l>einR discharged before 
they have been in the mixer the required length of time, a w^atcr tank contain¬ 
ing an adjustable overflow with the necessary valves to prevent water 
flowing into the tank while the tank is discharging into the mixer, and a speed 
regulator that will prevent the drum from revolving slower than twelve (la) 
or faster than twenty (ao) revolutions per minute. Each batch must be in 
motion in the mixing drum at least one and onc-quartor (iH) minutes or as 
much longer as may be necessary to insure a uniform and homogeneous con¬ 
crete that nas the required consistency. If the timing device should be out of 
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order, the concrete must be mixed not less than two and one-half (aU) 
minutes until such time as said device is repaired. The drum must be 
completely emptied before mixing successive batches. The concrete shall 
be mixed only m such quantity as will be required for immediate use. Any 
concrete that has developed initial set or has been mixed longer than thirty 
(30) minutes before being deposited in place, shall not be used. 

The different ingredients used must be jicrfectly clean, kept free from 
foreign materials during the operation of hand.ing, mixing, and placing. The 
Contractor must prevent any segregation of the coarse or fine panic Ics of the 
aggregate taking place during hauling or the hamlling, or the inclusion 
therewith of any foreign m.aterial when these materials are loaded into the 
measuring bins or mixer. 

The Cont^'actor shall notify the Engineer, in writing, at least three (3) days 
in advance when he is ready to prepare the initial concrete. 

7. Placing Concrete. 

After mixing, the concrete shall be depo.sited at once in sncccssive batches 
upon the subgrade to the required depth and for the entire width of the 
pavement. Immediately after being thus deposited, the piles or I atches ot 
concrete shall he uniformly distributed over the siibgrade so that the result¬ 
ing surface is fairly uniform in character, and sufficiently abiwe the grade of 
the finished surface that. at»er being struck off the surface thereof will not be 
compre.ssed below the grade specified therefor. 

When concrete is to be placed adjacent to railroad tracks, or around such 
structures as catch basins, manhole trips, or other objects that project th.rough 
the paven.ent. no concrete shall l>e placed within eighteen (18) inches of said 
tracks or structures until they have been set to the required grade and 
alignment. 

8. Finishing Concrete. 

The concrete shall l>e brought to the required grade and curvature by the 
use of a hand strike board. _ This board mu'-t he at least cighti en (18) inches 
longer than the pavement is wide. A han<l timip’ate shall be used to con¬ 
solidate the concrete and pro<luce the required lini di. Hoth tlic strike board 
and template shall have the same curv'ature as that specified for the crown {'f 
the pavement, 

Auer being properly placed the concrete shall b^ struck off and the whole 
surface thereof tampe<f until thoroughly consolidated and, of a uniform 
consistency and density. Adtlitional con( rcte sh.al! be added to all low places 
and porous .spots, and rctarrped to the requir'^'d grade and den.sity. The 
concrete should not be tarnpc-l to the required grade and '-(didity Inter than 
thirty (30) minutes after i)la(ing. but mu.st be properly .struck off and 
tanrmed lr>€fore any initial set has developed. 

9. Cl RlSG AND PROTECTI.NG. 

After the concrete has l>ccn p’-operly struck off, tamped and tested, it shall 
be covered at once with strips ol Imrlap or canvas laid pcrpcnrlicular to the 
center line of the pavement. The edge of each strip shall overlap the 
adjacent strips about one ii) inch. The diffcTcnt slnps of burlap shall be 
at least two (2) feet longer than the width f*f the pavement. 

When properly placecl this covering shall be sprinkled at once with suffi¬ 
cient water to saturate it and kept wet until removed. As sfnm ns the con¬ 
crete has hardened sufficiently to prevent pitting, these strips shall l>e 
removed and the concrete protectee! by covering it immediately with iuilt 
hay or straw. This covering shall be spread in a layer not less than six (6) 
inches thick, loose, and rnust l>c added in sufficient quantity to completely 
cover the concrete. During the sprcadini^, care mu.st be exercised that the 
surface of the concrete is not marred or injured. As soon as spread, it shall 
be wet at once and kept constantly gaturatc<l for at least ten (10) days. 
The pavement mu.st be kept closed to traveling public, contractor, engineers 
and officials, for at least fourteen (14) days, and as much longer as the 
Engineer may order. 

The water pijxf, which supplies the water for the concrete must not l>c 
removed before the time reauired for the curing of the adjacent concrete. 
This pipe line must be provided with tecs and stop cocks at intcrval.s of not 
over two hundred faoo) feet and must be of sufficient sire to permit of the 
jjropcr sprinkling of the concrete and the operation of the concrete mixer at 
the «amc time. 

The rontractor shall erect and maintain suitable Viarricadcs to protect the 
concrete frrmi traffic, domestic animals, etc. Any part of the concrete 
damaged from traffic or any other cause occurring prior to its final accept¬ 
ance, shall be repaired or replaced by the Contractor at his own expense in a 
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manner satisfactory to the Engineer. Before any surface pavement materials 
are deposited on the foundation, the covering shall be removed and disposed 
of as directed by the Engineer. 

If permission is given to lay concrete when the temperature may drop 
below thirty-two (32) deuces Fahrenheit before the concrete is five (5) 
days old, the concrete shall be protected in the manner specified above. 

10. Side Forms. 

The thickness of the pavement foundation and its alignment shall be 
determined by side forms. These shall l^e set to the established line and 
grade of the pavement foundation with their upper faces at the grade 
established for the adjacent edge. They must hie equal in width to the 
thickness of the pavement foundation at the edge, shall be firmly held in 
place by lock nuts, clamp.s, and steel pins, and supported at all joints or ehe- 
where as needed to prevent the forms from springing out of alignment. 
.Ml forms shall have square ends with clamping devices which will lock adjacent 
ends firmly together. The anchoring pins must be not less than twenty-four 
(24) inches long, and of .sulheient size to firmly hold the forms in place. No 
pins, nuts or clamps shall project above the top of the form or be so placed 
as to interfere with the free movement of the strike board or tamper. All 
forms must be straight, free from warp, clean when used, and oiled if .so 
ordered. Forms shall not he removed sooner than fifteen (15) hours after 
the adjacent concrete has been placed. 

11. Joints. 

Expansion joints shall be constructed at the end of each day’s work, or 
when work is suspended for ov'cr thirty (30) minutes, and at all other places 
designated on plans. 

Expansion joints shall be of cither the poured or prcmouldcd type. When 
the type to be u-sed is not designated on plans, the Contractor may construct 
either. The bitvimen used to form the joints and the method of manufactur¬ 
ing premoulded joints must comply with the requirements given therefor in 
Article 103. 

The f(»rms usod to cast a poured joint must be so designed and used that 
the concrete will not be injured by its removal, the opening will have the 
spei'itied dimensions, be perpendicular to the pav’cmcnt surface and axis must 
be approved by ti e Engineer. They shall be so set that the top edge is at 
the Slime cleviitioii as the surface of the concrete and firmly held in place 
by iron rods or pins driven into the subgrade. 

The bitumen used for pour jf>mts shall be (trade P. A. and shall be applied 
at a lemperatuie between 3<»o and joo deg. F. SutTicient bitumen shall be 
used to fill the ioint flush full. The joint must be oj.'cned to full depth 
and l)oth faces clean and dry when the bitumen is applied. 

Prcmouldcd joints shall be formed by inserting during construction, sheets 
of bituminized felt or lueparcd semi-sohd bitumen complying with the 
requirements given therefor in Article 103. These sheets shall be inserted 
perpendicular to the axis of the pavement and its surface. They shall be 
equal in length to the width of the foundation, have the same width as the 
thickness stx’ciUcd for said foundation, and the top edges cut to the required 
curvature before installation. When two sheets arc used for one joint, the 
abutting end.i must be cut square and held firmly together during installa¬ 
tion, placing and finishing of the concrete. After side-forms arc removed, 
the ends of the joints .shall lx* cleaned of all concrete to the full depth. 

The device used to hold the joint filler in position until the adjacent con¬ 
crete has licen placed, shall l>c a metal plate equal in lenjrth to the width 
of the foundation, have one edge cut to the crewn specified for the surface of 
the foundation, be of sufficient thicknesss, and so designed that it can easily 
l)c fastened and held in place without springing out of shape or alignment. 

12. Rbinforckmbnt. 

The concrete shall be reinforced at all points shown on plans with the size 
and type of metal de.signatcd, also at all places w’hcrc trenches or other 
openings are made in the subgrade for the installation of drains or structures 
not shown on plans. When n<> method of reinforcing the concrete over 
openings made m the subgrade is shown on plans, it shall be reinforced as 
follows: 

One-half (^) inch deformed bars shall be placed perpendicular to the 
trench, two (2) inches above the bottom of the concrete foundation, spaced 
twelve (la) inches to centers and shall extend for a distance at least twelve 
(Ia) inches beyond each edge of the opening. Payment will be made for all 
such reinf(»rccment installed, not shown on plans, at the contract unit price 
per pound m place. 
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Series of 1917 

IOWA STATE HIGHWAY COMMISSION 

AMES, IOWA 


Standard Specifications For 
Earth and Gravel Road 
Construction 


Revised scries of igiy distributed by the State Hifibway Commis¬ 
sion under Chapter I-A, 'l itle VIII, Supplement to the 
Code 1913 as amended by Acts of the Thirty- 
Sixth (icneral Assembly 


Section Three 
EARTH ROADS 

1. Aliffament— The center of the finished roadway shall conform in align¬ 
ment to the center stakes. These stakes shall follow, aa nearly oa possible, 
the center line of the right-of-way. 

2. Grade Lines.—The grade line shown on the profiles shall denote the 
crown of the finished roadway at its center line. 

3. Cross-section.—Unless otherwise provided the cross-section to Ixj used 
is the standard cross-section of the Highway Commission for the road system 
on which the wf>rk is located. 

Note. —The Commission will approve changes in the standard cross-sec¬ 
tion to meet Irjcal conditions, on specific improvements, but a change ap¬ 
proved for one ro.ad shall not 1^; construed to apply to other roads. In each 
case the projfxjscd change should be submitted to the district engineer who 
will make a field examination to determine the feasibility of the changes 
proposed. 

4. Grading.—Under this head will l>c included all excavation and em¬ 
bankments required for the formation of the earth roadway, cutting a!) 
ditches along or contiguous to the road, fonning the approacnca to all aide 
roads and farm entrances, changing of stream channels, and all other exca¬ 
vations and embankments connected with or incident to the construction of 
the road. Grading will be estimated under the following heads, via.: 

Solid rock excavation. 

Loose rock excavation. 

Earth excavation. 

Solid rock excavation will include all rock in masses which cannot be re- 
mo ve<1 without blasting, also all detached rock or boulders measuring not 
less than one cubic yard each. 

Loose rock excavation will include all slate or other rock which can be 
quarried or removed without blasting, also all detached rock or boulders 
measuring not less than one-fourth nor more than one cubic yard each. 
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Earth excavation will include all loose stones, boulders, and other material 
of every description as found, which are not included in the above specifica¬ 
tions as solid and loose rock. 

5. Excavation. —Excavation shall be made in all cases to the required 
alignment and cross-section. Any roots, stumps, or other timber encoun¬ 
tered in the excavation shall be removed and burned or otherwise disposed 
of as directed bv the engineer, but shall not be placed in the embankments. 
All materials taken from excavations shall be deposited in the enibankments 
unless otherwise specified or directed by the engineer. The cost of moving 
the same when the average length of haul does not exceed five hundred (500) 
feet wiU be considered as included in the i^rice per cubic yard for excavation. 

6. Provision for Drainage. —If it is necessary in the prosecution of the 
work to interrupt or obstruct the natural drainage of the surface, or the 
flow of artifuial drains, the contrac tor shall provide for the same during the 
progress of thc^ work in such a way that no damage shall result to either 
public or private interests. He shall then be held liable for all darnages 
which may result from any neglect tc> proviile for either natural or artificial 
drainage which he may have interruoted. 

7. Intercepting Ditch.—In cuts along sidehills where there is a possbilitb' 
of surface water causing damage by fl<»\ving down the siilc slope of the cut. 
a ditch shall be constructed to intercept the surface water and prevent it 
from flowing into the cut. The contractor will be paid for this work as an 
extra. 

8. Borrow Pits.—^^'hcn suflicient material for the embankments is not 
obtainable within the side ditches and excavaticjns as staked out, the con¬ 
tractor shall make up the deficiency from borrow jiits laid out by the engineer. 
Borixjwing must be done from regular shaped borrow pits in order to admit 
of ready and accurate measurements, care being taken not to unnecessarily 
injure or disfigure the land. The banks must be sloped, the pits so con¬ 
structed that surface water will drain out and the premises left in a condition 
satisfactory to the engineer. The right-of-way fur borrow pits will be fur¬ 
nished by the county. 

g. Berms. —Wherever it becomes necessary to make an excavation along 
the side of the road as in the construction of bori i\v i>its, chtches, etc., a 
berm not less than four f<et in width shall Im' left between the toe of slope 
of the roadway embankment and the top of the excavation bank. 

10. Waste .—When the amount of cut execeds the amount of fill the excess 
material shall be deposited as directed by the engineer. Such material shall 
pndcrably lie used in widening the adjacent fills so as to reduce the side 
slopes thereon. 

11. Embankments. —Embankments shall be carried up in horizontal 
layers, each of wlii^ h shall be carried ovit to its proper wiiith in the cross- 
section of the roadway. Sod obtained in the cuts may he deposited in the 
embankments provided it is so placed as to l>e not closer than twelve (12) 
inches to the finished n)adway or subgrade. Slones obtained from cuts 
shall be so distriliuted in the embankments as to not form pockets or 
cavities. All existing slopes and surfaces of embankment shall be plowed 
where additional fill is to be made, so that the new material will bond with 
the old. 

ij. Guard Rail.—;^Whcre the height of an embankment is over six feet, 
substantial guard rails shall be constructed along the shoulders. Such guard 
rail will l>e paid for at the price bid per lineal foot of rail. Where the height 
of the embankment is six feet or less, the side .slopes shall l>o flattened to a 
slope not stee^^r than three to one (3 t t) unless otherwise shown on the plans. 

13. Sod in jBlado Grader Work and Shallow Fills.—In blade grader work 
and in fills so shallow that the sod cannot be kept at least twelve (la") inches 
below the finished roadway, such sod, after being cut loose with blade grade 
or plows, shall be di.skcd and harrowed until it is reduced to small pieces 
which will not interfere with traffic. These small pieces of sod shall not be 
deposited in the middle of the road but shall bo dcpc>sitcd near the shoulders 
and shall be covered with earth. The middle portion of the road shall be 
formed of earth free from sod. The disking and harrowing of sod is included 
in the price bid for excavation. 

14. Side Ditches.— The side ditches shall be excavated to the depth, 
alignment, and cross-section shown on the drawings. Care shall be taken 
to secure a uniform grade on the ditches so that the water will readily drain 
out, and to secure smooth, uniform slopes on the ditch banks in strict con¬ 
formance with the drawings. 
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15. Clearing and Grubbing.— -The ground included in the highway mu' t 
be cleared of trees, stumps, brush, weeds and grass to the full width of right- 
of-way, unless otherwise directed. All timber, stumps, brush, and other 
vegetable matter must be burned unless otherwise directed by the engineer. 
Such material shall not be placed in the embankments. 

Where embankments are to be more than two and one-half feet in height, 
it will be suflicient to cut all trees, stumps, and brush close to the ground. 
Where embankments are to be less than two and one-half feet in height, 
and in all excavations, all stumps and large roots must be grubbed out and 
burned or removed. 

Unless otherwise specified, clearing and grubbing will bo paid for as extra 
work, as provided in Section Two, paragraph 22. Allowance wnll be made 
for all gmbbing in excavations for the roadbed, all grubbing in borrow pits 
ordered and staked out by the engineer to supply material for the embank¬ 
ments, and all grubbing in embankments less than two and one-half feet 
high, but will not be allowed for embankments over two and one-half feet 
high, or in borrow pits made by the contractor without having been sn 
ordere<l by the engineer. 

16. Hedge rows.—Hedges, under these specifications, are row's of trees or 
bushes, used for fence punwscs or wind breaks, containing at least three 
bushes or trees per rod. For removing such hedges the contractor will be 
paid the price bid per rod. 

17. Measurements.—(trading shall be cstimatc<l and paid for by the 
cubic yard at the prices specified in the tender. Measurements of grading 
quantities will, in all cases. Iw made from the cuts or pits from which the 
m.aterial is taken, by cross-sectionmg lx*forc and after excavation, and the 
volumes determinofi by the aver.agc en<l area method. 

18. Haul and Overhaul.—The average length fT haul shall be determined 
by locating the center of gravity of the cut and the center of gravity of the 
corresponding fill. If the center of gravity of the cut is m<'re than five 
hundred (S^o) feet from the center of gravity of the corrcsponrling fill, over¬ 
haul at the rate of one cent per eubic yard j>er 100 feet will l>e allowed for 
the entire amount of material in the cut for the distance Ixitw'ccn the centers 
of gravity in excess of five hundred (500) feet. 

fs’OTE. —Should the engineer ilesirc to eliminate any payment for overhaul, 
a stipulation to that effect may l>c inserted in the instructions to bidders, 
as provided in Section Two, paragraph 25. 

19. Tile Sub-drains.—Tile sub-drains shall be put in wherever shown on 
the plans. The tile used shall meet the rc<piiremonts of the standard sjieci- 
ficati'ins for farm dram tile adopted in 1916 by the American Society for 
Testing Materials. The tile shall be laid true to gra<le and alignment 
established by the engineer. For furnishing and laying tile drains, the con¬ 
tractor will be paid at the price bid fiir such work. 

Note, —The first requirement of road construction is to get a w'cll-drained 
roadbed. For this re.ason, countv engineers are instructed to require tile 
drainage on all portions of the highways where there is any (luestum regard¬ 
ing the adequacy of the surface drainage or the stability of the soil. 

If possible, the flow line of the tile shall be placed a minimum depth of 
five feet below the elevation of the niadway shoulders. No tile less than 
six inches in diameter shall be spccificMl. 

Where the grade of the side ditch is less than one per cent., inlets to the 
tile shall be provided at intervals of alxmt five hundred feet. These inlet ; 
shall be constructed by filling the trench for a length of about thrc*e feet 
with coarse gravel, broken stone, or other .suitable ptpous material. The 
top of the porous material shall be raised about eight inches alx)vc the top 
of the trench. 

20. Finishing Stakes. —The engineer shall set suitable finishing stakes to 
guide the contractor in finishing the road. 

Note. —One of the most common defects in earth road construction is the 
failure to bring the earth shoulders up to the proper grade and alignment. 
The shoulders are often left low and irregular, thus resulting in an unsightly 
road having too much crown in the center. This defect can be obviated 
only by setting stakes, giving the grade and alignment of the shoulders. In 
finishing, the contractor should use a templet to fit the crown of the road, 
and in this case stakes need be set only along one .shoulder or along the center 
line. If no templet is used, finishing stakes should be set along each shoulder 
and on the center line. 
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Finishing stakes on fills should be set above the established grade so as to 
allow ihe proper amount of shrinkage. Under average conditions the fol¬ 
lowing percentages of shrinkage should give satisfactory results. 

Depth of Fill 

Up to 5.0 feet. 

5.0 feet to 12.0 feet. 

12.0 feet to 18.0 feet 

21. Finishing.—If the roar! is not to be surfaced with gravel, the ccntractor 
shall, after having brought it substantially to grade, complete the work in 
such a manner that the finished road will be smooth and true to cross-section, 
grade and ali>j!nTnent. No extra compensation will be allowed for finishing 
as this work must be included in the price bid f'T excavation. 

If the roa<l is to be surfaced with gravel, the earthwork necessary for 
forming the sub-grade shall be exccutccT in the manner sjjccified for the class 
of gravel surfacing to be used. The preparation of the sub-grade for the 
gravel surfacing is not included in the jirice bid for earthwork. 

22. Installing Temporary Culverts.—Temporary culverts will be construed 
to mean corrvigatcd culverts. boiU-r pipe culverts, concrete tile culverts, or 
cast iron cvilverts not over thirty-six inches in diameter, and placed without 
permanent bulkheads. The county will furnish and deliver temporary' cul¬ 
verts at the railroad station. The contractor will be required to haul, 
pixiperly p.’.ace, and fill over such culverts. For this he will be paid at the 
price bid per lineal foot. 

Item 51. Sand-clay Surface Course* 

51.1. Description.—This item shall consist of a wearing course composed of 
an intimate mixture, either natural or artificial, of properly proportioned 
sand and clay, and .-shall be constructed on the prepared subgrade in accord¬ 
ance with those ificafions and in conformity with the lines, grades, 
compacted thickness, number of component courses, and typical cross-section 
shown on the plans. 

51.2. Material.'- Natural sand clay shall consist of sand and clay, or top¬ 
soil. oceiirring properly proportioned, and obtained from pits de.signatcd 
by the engineer. .After the pit has been stripped, the engineer shall inspect 
and approve the material before it is placed on the suhgrade. All material 
used shall he free from weeds, vcgetal>lc. or other injurious matter, and all 
stones of m.jrc than i" in diameter shall be removed by the contractor at the 
pit. 

5X.3. Sand for an artificial mixture or to sui>p!cment a natural mixture 
shall be sh.irp. clean, free from dirt or loam, and not too fine. It shall not be 
used until approved by the engineer. 

51.4. ('Lay for an artificial mixture or to supplement a natural mixture 
.shall show resistance to slaking ancl be satisfactory to the engineer, shall have 
good binding quabties, .and .shall not be used until approved by the engineer. 

51.5. Construction Methods.—Where it is necessary to bring the sand 
aiifl clay fui tlie subgrade separately, and mix them in place, a trench shall 
be formed in the subgradc with the grading machine to receive the bottom 
layer, which inav be either sand or clay. No trenching of the suhgrade 
will be re<iuirc<l where tUc subsoil is of .sjind or clay that is to be mixed with 
the clay or sand, as the case may be. 

51.6. ft. Clay on Sand Subgrade.—The clay shall be spread over the prepared 
.subgradc in such quantities and to such depth that when mixed with the 
Sana a coinp.actcd surfacing of the width and depth shown on the plans will 
l>c obtained. After the clay has been spread the contractor shall plow up 
siind from beneath and add sand from the sides, but only in such amount 
that the net proportion of sand and clay is about 2:1 or in sulTicient quantity 
so that the clay will slightly more than (ill the voids of the .sand.^ 

51.7. Sand dn Clay Subnade.— This process is exactly similar to that 
in paragraph above, except that the subgrade shall be plowed to a depth 
nf 4", after which it shall be harrowed until completely pulverized; the sand 
shall be spread over the subgradc in such quantities and to svich a depth that, 
when mixed with clay, a compacted surfacing of the width and depth, shown 
on the plans, will be obtained. The depth to which the sand should be 

* Tcx.as. 
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spread will depend upon the amount of sand contained originally in the 
clay of the roadh>ed. As near as practicable, only enough clay shall be 
plowed up from beneath just to fill the voids of the sand, and no surplus of 
clay will be allowed. Where the subgrade material consists of clay which, 
in the opinion of the engineer, is not considered suitable for use in the surface, 
the sand layer shall be spread first, an 1 of a depth more tlian is sulficient for 
use in surfacing, and as directed by the engineer. The surjilus sand shall 
remain under the completed surface to serve to improve the drainage of the 
road. The pr per pniportion of suitable clay shall then be hauled and spread 
on the sand, as in case c following. 

SI 8. c. Sand and Clay on a Different Subgrade Soil. —Where it is neces- 
^ry to bring the .sand and clay on the ro.ad .separately, the trench should be 
filled with the bottom layer i»f material (which may be either sand or clay) 
to such a depth, and th.en l'.a%’e tlie top layer spread upon it t<.» such a depth 
that when mixed together the sand and clav will show a properly propor¬ 
tioned and uniformly mi.xed compacted surfacing of the width and depth 
shown on plans. 

51.9. d. Natural Sand Clay. —The surfacing material shall be spread on 
the prepared subgrade to such a depth that, when compacted, it will be of 
the width and depth shown on the plans. 

51.10. In all cases, only sufficient clay to fill the voids of the sand shall be 
used, the clay serving as a binder f«'r the sand. On sections of road that are 
not exposed to the sun and wirul, as in dense woods, deep cuts, or on low 
tjoggy sections, a smaller percentage of clay will be required, m prop* rtion 
to the smaller percentage of voids in the .sand. On he.a\ >- grades, especially 
when exposed to the sun and wn-!. a greater perLcntage <.>f clay will l>e 
required. It shall be the ch.irge of the cintraotor that the required amount 
of material shall he delivered m each 100' station and uniformly distributed 
tnrijughout each station. 

51.11. .\fter the material has been spread as prescribed in the several cases 
above, tlie material shall be thoroughly mixo<i with a di.^c barrow. The 
operations of plowing and harrowing .shall be repeated until the sand and 
clay are mi.xca thoroughly and uniformly in the jirojier proportions. After 
the mixing is completed, the contractor shall shape the r- adway with a r«'ad 
machine or road, drag and permit traffic upon it. .\fter the first soaking 
rain, the contratt<‘'r shall pffiw and h.arrow the surfacing material until it 
practically becomes mtid. after which he shall shape the surface and keep it in 
shape by repeated dragging until it has dried out arul is tlioroughly 
compacted. 

51.12. When the typical crf>ss-sec tion requires that this item be constructed 
in more than one cour.'^o, the additional courses shall i>e constructed inde¬ 
pendently on t! c previously completed course in accordance with clauses 
c OT d of these specifications, and maintained and finished .as provided above. 

51.13. Method of Measurement. — Work and accepted material hauled 
from prescribed pits to the road shall be measured by the cubic yard of 
material, loose measurem.cnt, as delivered on the road. 

51.14. Basis of Payment. —The material will be furnished by the county, 
unless otherwise provided in special provisions. The wrirk performed as 
prescril^d in this item and measured, as provided above, shall 1^ paid f()r 
at the contract unit pficc per cubic yard bid ((<r Sand-clay Surface Course, 
which price shall I>c lull compensation for b*ading all material, hauling not 
over K mile, delivering on the road and finishing, all lalx.r, eciuipment. 
tools, and incidentals necessary to complete the \ynrk. except rolling, and 
sprinkling. Hauling material into each ejuarter mile beyond the first quarter 
mile shall be paid for at the contract unit price per cubic yard bid for Material 
Hauled Additional Quarter Mile. 

Item 52. Shell Surface Course * 

52.1. Description.—This item fibnll consist of a wearing course composed 
of shell, and snail be constructed on the prepared subgrade. or completed 
base course, in accordance with these specifications and in conformity with 
the lines, grades, compacted thickness, nundxsr of component courses, and 
typical cross-section shown on the plans. 

52.1. Material.—The shell shall consist of sound particles of oyster, clay, 
or other shcdla equally acceptable to the engineer, and shall not contain 
more than 15 % of mud, clay marl, or loam. No shells which will not be 
broken up during construction to pieces not larger than 2" shall be allowed 

» T^xas. 
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in the material delivered, and all such oversize shell shall be removed at the 
contractor’s expense. 

52.3. Construction Methods. —The material shall be delivered, and spread 
by hand on the prepared subgrade, or completed course, to such depth that 
when compacted the thickness shown on the plans will be secured and shaped 
to conform to the typical cross-section. Side forms and either cubical blocks 
or center guide forms of proper size shall be used to fix the depth of the loose 
material. It shall be the charge of the contractor that the required amount 
of material shall be delivered in each too' station and uniformly distributed 
throughout each station. 

52.4. The work shall be rolled and sprinkled or opened to traffic as directed. 
The contractor, as often as directed, shall work and dress the surface so that 
the cross-section shall continue uniform and true to line and grade, and 
until the surface is smooth, hard, free from ruts and undulations and well 
bonded to the width shown on plans, and the work is accepted. When the 
typical cross-section requires that this item be constructed in more than one 
course, each aiiditional course shall he constructed independently after the 
previous one has been completed and accepted, all as prescribed above. 

52.5. Methods of Measurement. —Work and accepted material hauled to 
the road shall be measured by the cubic yard of material, loose measurement, 
as delivered on the road. 

52.6. Basis of Payment. —When a unit price for Shell is reqc.cstcd and 
tendered in the proposal, the material furni'.iied as prescribed by this item 
shall be paid for at the contract unit price so bid per cubic yard. The work 
performed as prescribed by this item and measured as provided above shall 
l>e paid for at the contract unit price bill per cubic yard for Shell Surface 
Course, which price shall be full compensation for loading all materials, 
hauling not over K mile, delivering on the road and finishing, all labor, 
equipment, tools, and incidentals necessary to complete the work, except 
rolling, and sprinkling. Hauling material into each quarter rnile beyond 
the first quarter mile shall be paid for at the contract unit price bid per cubic 
yard for Material Hauled .\dditional Quarter Mile. 

Item 53, Caliche Surface Couise^ / 

53.1. Description.—This item shall consist of a wearing course composed of 
caliche, and shall lie constructed on the prepared subgrade or completed 
base course in accordance with these specifications, and in conformity with 
the lines, grades, compacted thickness, number of component courses, and 
typical cross-.scction shown on the plans. 

53.2. Material.—Caliche shall consist of a iiatur.'il mixture of approxi¬ 
mately equal proportions of calcareous dust an<l quartz sand with or without 
the presence of gravel or small stones, all of which, when tested, shall pass a 
2" screen. Oversize material shall be remove.I at the contractor’s expense. 

53.3. Construction Methods.— The material shall be delivered, and spread 
by hand on the prepared subgradc to such depth that when compacted the 
thickness shown on the plans will be secured, and shaped to conform to the 
typical cross-section. Side forms and cither cubical blocks or center guide 
forms of proper size shall be used. It shall he the charge of the contractor 
that the rcq-iircd amount of material shall lie delivered in each 100' station 
and uniformly distributed throughout each station. 

53.4. If, in the opinion of the engineer, it be practicable to do so. the 
caliche shall be puddled with water liefore being fniallv shaped and compacted. 
This puddling may be done either in the pit before the material is hauled on 
the road, or it may be di^nc by sprinkling witli water after the material has 
been spread upon the subgrade. In case puddling is done in the material 
pit, the caliche shall at once be hauled onto the road, spread by means of 
hoes, rakes, or shovels, shaped, and rolled before it has dried out. In case 
puddling is to be done after it has l>ccn spre.ad upon the subgrade, the surface 
shall be thoroughly harrowed, plowed, or otherw'ise opened up during the 
imocess of sprinkling, in order to insure the proper pudcilmg of the caliche. 
After thoroughly puddled, to the sati.sfaction of the engineer, the surface 
shall be shaped to a uniform thickness and cmss-section, and the succeeding 
course of material shall be added and puddlc<l in the same manner. Each 
succeeding course shall be placed and puddled as soon after the proceeding 
one us practicable. 

53.5. The work shall be rolled or opdncd to traffic as directed. The con¬ 
tractor, os often 08 directed, shall work and dress the surface so that the 

^ Texas. 
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cross-section shall continue uniform and true to line and and until 

the surface is smooth, hard, free from ruts and undulations and well bonded 
to the width shown on plans, and the work is accepted. 

53.6. Methods of Measurement.—;\Vork and accepted material hauled to 
the road shall be measured by the cubic yard, loose measurement, as delivered 
on the road. 

53.7. Basis of Payment.—When a unit price for Caliche is requested and 
tendered in the proposal, the m.aterial furnished as jjrescril ed by this item 
sirill be paid for at the contract unit price so bid per cubic yard. When such 
price is not so requested, ri^ht-of-way charKies an<l royalties on the maten.vl 
in the pit will be borne by the county. The work performed as prescribe ! 
fi'ir this item, measured as provided above, shah be paid for at the contrac t 
unit price bid per cubic yard for Caliche Surface Courso, which price, shall 
be full compensation for loosening and loading all material at the pit, hauling 
not over ,V4 mile, delivering on the road, putldling, and finishing, all labor, 
equipment, tools, and incidentals neccssap^ to complete the work, exccjii 
rolling, and sprinkling. Hauling material into each quarter mile beyond tiu* 
first quarter mile shall be paiil for at the contract unit price bid per c ubic y.ird 
for Material Hauled Additional Quarter Mile. 


Item 54. Disintegrated Limestone Surface Course' 

54.1. Description.—Thes item shall consist (T a wearing course compose 1 
of disintegrated limestone, .and shall be constructed on tlie prepared subgradc 
or completed base course in accordance with these specifications, and in 
conformity with the lines, grades, compacted thickness, number of compo¬ 
nent courses, and typical cros5-sccti<)n sliown on the p'.ans. 

54.2. Material.—The material shall C(msist tT a good quality of disinte¬ 
grated limestone, reasonably free frrim sod and clay, an(l when loaded froii’ 
the material pit shall not contain more than 23 '^0 e>f material wduch will 

f iass a ‘'i" mesh s<Toen. The dismtegratefl limestone shall be such as can 
>e loosened up m the pit by the use of plows or nicks and wnthout tlie use of 
explosives. Material containing gravel or har<l flint pcblfies will be admitted, 
although all hard stones over i\i" in their largest dimension, which will not 
be broken up during construction, must be thrown out at the pit by the 
contractor at his o sn expense. 

54.3. Construction Methods.—The material shall be delivered, and spread 
by hand on the prepared subgrade, or completed course, to such depth that 
when compacted the thickness shown on the plans wull be secured and 
shaped to conform to the typical cross-scction. Snie forms and cither cubical 
blocks or center guide forms of proper size shall be used to fix the depth of 
the loose material. It shall be the charge of the contractor that the required 
amount of material shall be delivered in each 100' station and uniformly 
distributed throughout each st.ation, 

54.4. After the material has been spread and shaped, the surface shall be 
thoroughly sprinkled with water and rolled as s«»(>n as it has sufficiently 
dried off. The contractor, as often as directed, shall wr.rk and dress the 
surface so that the crr^.^s-scclion shall coritmue uniform and true to line and 
grade, and until the surfa<e is smooth, hard, free from ruts and undulations, 
and well bonded to the wi<Ith shown on plans, and the work is accepted. 
When the typical cross-section requires that this item bo constructed in 
more than one course, each additional course shall V>e consiructcrl indepeml- 
cntly after the previous one has been completed and accepted, all as prescribed 
above. 

54.5. Method of Measurement. —W’ork and accepted material hauled to 
the road shall be measured by the cubic yard of material, loose mca.suremcnt, 
as delivered on the road. 

54.6. Basis of Payment. —When a unit price for Disintegrated Limestone 
is requested and tendered in the prrjposal, the material furnished as prescriljed 
by this item shall l>e paid for at the contract unit price so bid per cubic yard; 
when such price is not so requested, right-of-way charges and royalties 
on the material in the p t will l>c borne by the county. The work performed 
as prescribed for this item, measured as provided above, shall be paid for at 
the contract unit price bid per cubic yard for Disintegrated Limestone 
Surface Course, which price shall l>e full compensation for loosening and 
loading all material at the pit, hauling not over M mile, delivering on the 
roai. puddling and finishing, all labor, equipment, tools, and incidentals 
* Texas. 
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necessary to complete the work, except rolling, and sprinkling. Hauling 
malenal into each quarter mile beyond the first quarter mile snail be paid 
fi»r at the contract unit price bid per cubic yard for Material Hauled Addi¬ 
tional Quarter Mile. 

Item 55. Iron-ore Topsoil Surface Course ^ 

55.1. Description. — This item shall consist of a v.’earing course composed 
of iron-ore topsoil, and shall be constructed on t)ie prepared subgrade in 
accordance with these specifications and in c<mforrnity with the lines, grades, 
compa(^tefl thickness, number of component courses, and typical cross-section 
shown on plans. 

55.2. Material.- -Iron-ore topsoil shall consist of hematite, hydrated 

hematite, or brmjnile (jtc as found at the surface but of a quality free from 
vegetable matter, which when loaded from tlie material pit shall not contain 
more than 15 % of clay. Tnc material shall be such as can be loosened 
up in the pit by the use of plows or jucks and without the use of explosives. 
Material Containing gravel or h.ard pieces of ore will be admitted, although 
all pici es o\er in their largest dimensions, v/liith will not be broken up 

during construction, must be thrown out at the pit by the contractor at his 
own expense. Tl.o material shall have a ccu.cntiug \alue of not less than 
so and be so graded th.it 40 to 75 % is rctaiucil on a 10-mesh screen when 
tested by labor.it try methods. 

55.3* Construction Methods. —The material sh.all be delivered and spread 
by hand on the prepared subgrade to such <lepth that when compacted the 
ihiikness shown on the plans will be secure 1 and shaped to ertnform to the 
tvpical cross-section, and rolled if rcipnrcd. Si le forms and either cubical 
Itlocks or center guide f'trms of proper size shall be used to tix the depth of 
the loose material. It shall be t^.e charge of the contractor that the required 
amount of material shall be delivered m eacli 100' station and uniformly 
distributed throughout each station, 

55.4. After the material has been spre.id and shaped, the work shall he 
rolled or ofiened to traflic as directed. If t’r.o lu.atcrial is (-f such a quality 
that it adlicres to the wheels of the n Her af er .'■pnnkhng, the surface shall 
be sanded, the necessary material being nu.tsvrec! as surfacing material. 
The contractor, as (Tlcn as directed, shall work and dress the surface so 
that the cross-section shall continue uniform and true to line and grade and 
until the surface is smooth, hard, free from ruts and undulations and well 
bonded to the width shown on plans, and the work is accepted. When the 
typical cros.s-scction requires that th.is item be constructed in more than one 
course, each addititmal course shall be constructed independently after the 
previous one has been completed and accepted, all as prescribed above. 

55.5. Method of Measurement. —Work and accepted material hauled to 
tile road shall be measured by the cubic yard, loose measurement, as delivered 
on the road, 

55.6. Basis of Payment. —When a unit price for Iron-ore Topsoil is 
requested and tendered in the proposal, the material furnished as prescribed 
by this Item shall be paid for at the contract unit price so bid per cubic yard, 
when such jjricc is not so requested, right-of-way charges and royalties on 
the m.iterial in tlic pit wall be borne bv the county. The work performed as 
prescribed for this item, measured as provided above, shall be paid for at the 
contract unit price bid per cubic yard for Iron-ore Topsoil Surface Cour^, 
which price shall be full compensation for loosening and loading all material 
at the pit. hauling not over ^4 mile, delivering on the road, finishing, all 
labor, equipment, tools, and incidentals necessary to complete the wmrk, 
except r»'lling, and sprinkling. Hauling material into each quarter mile 
beyond the first quarter mile shall l>c paid for at the contract unit price bid 
per cubic yard for Material Hauled Additional Quarter Mile. 

Item 56. Pea-gravel Surface Course^ 

56.1. Description. —This item shall consist of a wearing course composed 
of fine or pea gravel, and shall be constructed on the prepared sub^adc, or 
completed base course, in accordance with these specifications and in con¬ 
formity with the lines, grades, compacted thickness, number of component 
courses, and typical cross-section shown on the plans. 

56.2. Material. —The gravel shall consist of hard, durable particles of 
stone mixed with sand or clay or similar binding material and W’hen tested 
by laboratory methods shall fulfil the following requirements; 

» Texas. 
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Passing the i'’screen. 9S-ioo % 

Retained on screen. lo- 35 % 

Retained on lo-mesh sieve. 35- 70 % 


Of the material passing the lo-mesh sieve, 25 to 40 shall pass the 200-me8h 
sieve. The cementing value of the material passing the 10-mesh sieve shall 
not be less than 50. 

56.3. Construction Methods.—The material shall be delivered in slat- 
bottom wagons or approved trucks, and uniformly dumped on the subg^-ade 
or completed course, spread to such depth that, when compacted, the 
thickness shown on the plans will be secured, harrowed if necessary, and 
shaped to conform to the typical cross-section. Each day’s hauling shall 
be spread the same day. \Vhen the width of the base course is more than 
12', the material shall be dumped in two equal rows. The thickness of the 
course as well as the material shall be strictly uniform. Snle forms, and 
either center forms or cubical blocks, shall be useil to fix the depth of loose 
material. All areas and “nests” of segregated coarse or fine material shall 
be removed and replaced with well-graded material and compacted. 

56.4. The Work shall be rolled and sprinkled, or opened to traffic ns 
directed. Ruts shall kept filled twice a day or more as directed. When 
irregularities, ilepressi ins, or weak spots develop <lurmg the process of shaping 
and setting up. the affected areas shall be corrected immefliately by scarify¬ 
ing, adding material as needed, reshaping, and compacting. This process 
shall be continued, and the course maintained with grading machines or 
other equipment as required, io the required line, graiie, and typical cross- 
sccti -n until trie surface is smooth and hard, free from ruts and undulations, 
well bonded to the width shown on plans, and the work is accepted. 

56.5. When the typical cross-section requires that this item l^ constructed 
in more than one course, each course shall l>c constructed independently 
after the previous one is Cf^inqileted and accepted. All as prescrilied al>ove. 

56.6. Method of Measurement.— Work and accepted material shall l>c 
measured by the cubic yar<l <if material, loose measurement, as deliv^ered 
on the road. 

56.7. Basts of Payment.—When a unit price for Pea Gravel is requested 
and tendered in tlie proposal, the material furnished as prescribed tor this 
item shall Ijc paid for at the contract unit price so bid, which price shall 
include all pit charges, scrccmng. and freight f. o. b. delivery points. When 
such price is not reriucstcd the material will lie furnished by the county free 
of royalty and right-of-way charges, and the contractor will be paid for 
Screening^, as ordered, at the prices bid per cubic yard for Screening. 

56.8. T he work performed as prescribed for this item, measured as 

E rovulcd under .Measurement, shall be paid for at the contract unit price 
id per cubic yard for Pea-gravel Surface Course, w'hich price shall be full 
compensation for loading all material, hauling not over ^ mile, delivering 
on the road, spreading and finishing, all labor, equipment^ tools, and inci¬ 
dentals necessary to complete the work, except screening, rolling, and 
sprinkling. Hauling into each quarter mile beyond the first quarter mile 
snail be paid for at the contract unit price bid per cubic vard tor Material 
Hauled Additional Quarter Mile. 

Item 57- SUndard Gravel Surface Course 1 
57.1. Description.- —This item shall consist of a wearing course composed 
of gravel, and shall be constructed on the prepared subgradc, or completed 
base course, in accordance with these specifications and in conformity with 
the lines, grades, compacted thickness, number of component courses, and 
typical cross-section shown on the plans. 

57.2. Materials.—The gravel shall consist of hard, durable particles of 
stone mixed with sand or clay or similar binding material, and when tested 
by laboratory methods shall fulfil the following requirements; 


Passing screen.95-100% 

Retained on screen. 50- 75% 


Of the material retained on the yi*' screen, 35 to 75 % shall be retained 
cm the screen. 

57 *3* The material passing the screen shall l>c known os "binder,” 
and of thi; material 15 to ^5 % shall pass the 200-mesh sieve. The cementing 
value of the binder shall be not less than 50. 

1 Texas. 
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57.4. The gravel may be crushed, and may be bank run, or the binder 
may be added and incorporated by approved methods as hereinafter 
specified. 

57.5. Construction Methods. —The material shall be delivered in slat- 
bottonj wagons or approved trucks and uniformly dumped on the subgrade 
or completed course, spread to such depth that, when compacted, the 
thickness shown on the plans will be secured, harrowed if necessary, and 
shaped to conform to the tyincal cnjss-section. Each day's hauling shall be 
spread the same day. When the width of the course is more than 12' the 
material shall be dumped in two equal rows. The thiLkncss of the course 
as well as the material shall be strictly uniform. Side forms, and either 
center forms or cubical blocks, shall used to fix the depth of loose 
material. All areas and “nests" of segregated coarse or fine material 
shall be removed and replaced with well-graded material and compacted. 

57.6. If the gra^cl is deficient in binder as prescribed under Materials 
above, after it is spread and shaped, additional bindcu’ shall be furnished and 
applied in the amount directerl by the engineer so as to comply with the 
grading requirements. Such binder shall be measured and paid for as pro- 
vUlcd tor the normal gravel, and shall be carcf.dly and evenly incorporated 
with the material lu p'. u e as direc ted by the engineer. 

57.7- The Wvirk be rolled and sprinkled, or opened to traffic as 

directed. Ruts s!;a!l be kept filled twice a day or mure as directed. When 
irregularities, depressions, or weak spots develop during the prf>cess of 
shaping and setting up. the affected areas shall be corrected immediately by 
scarifying, adding material as needed, reshaping, and compacting. This 
process shall be continued, and the course maintained with grading machines 
or other equipment as required, to the requircti hue. grade, and typical 
cross-section until the surface is smooth an<l liard, free from ruts and undula¬ 
tions. well bonded to the width shown on plans, and the work is accepted. 

57.8. W hen the typical cmss-secticm req-ures that this stem be constructed 
in more than one course, each course shall be constructed independently 
after the previous one is completed and .uci'pted, all at» prescribed above. 

57.9. Method of Measurement. —Work and accep’-ed material shall be 
measured by the cubic yard of material loose ineasvircment, as delivered on 
the road. 

57.10. Basis of Payment. —When a unit price for Gravel for Surface 
Course is requested and tendered in the proposal, the materials furnished as 
prescribed for this item .shall be paid for at the contract unit price so bid, 
which price shall include all pit charges, crusliing, screening, and freight 
f. o. b. delivery points. When such price is not requested the material will 
l>e furnished by the county free of royalty and right-of-way charges, and the 
contractor will l>e paid for all Crushing and Screening or Screening, as 
ordered, at the prices bid iicr cubic yard for Crushing and Screening or for 
Screening. 

57.11. The work performed as prescribed for this item, measured as 
provided under Measurement, shall be paid for at the contr.act unit price bid 
per cubic yard for Starnlard Gravel Surface Course, which price shall be 
lull compensation for lo.ading all material, hauling not over mile, deliver¬ 
ing on the road, spreading and finishing, all l.ibnr. equipment, tools, and 
incidentals necessary to complete the W'ork. except crushing, screening, 
rolling, and sprinkling. Hauling into each quarter mile beyond the first 
quarter mile shall be p:ii<l for at the contract unit price bid per cubic yard 
for Material Hauled Additional Quarter Mile. 


TOP COURSE (NEW YORK STATE SPECIFICATIONS, ITEMS 47 to 55) 
Item 47—Top Course—Water Bound Macadam—Gravel 

47.1. Under this item the Contractor shall furnish and place upon the 
bottom course, gravel of an approved character to form the top course. 

47.2. The top course shall consist of approved gravel of the character 
hereinbefore specified and of the thickness shown on the plans, together 
with the binder necessary to properly fill and bind the course. For this 
purpose gravel of No. 3 sire witn, when approved by the Engineer, a certain 
amount of No. 2 sire, may be used. (Seepage 720 f(>r meaning of these number! 
01 to lire.) Run of bank gravel shall not i>c used except by written permii- 
oion of the Division Engineer; this permit must be given in advance, shall 
■pecify the locality from which it is to be taken, and contain a proviso that 
if the material should at any time become unsatisfactory its use shall at once 
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cease and proper material be furnished without additional recompense even 
if it has to be imoorted. A copy of any such permit must be filed with the 
State Highway Commission, and on this permit must be the written and 
signed acceptance of all the conditions by the Contractor. 

47.3. The gravel shall be spread evenly upon the bottom course, using 
cubical blocks for gauging, to such a depth as to insure the required thick¬ 
ness after it shall have been thoroughly rolled and compacted with an 
approved roller weighing 19 to 13 tons. Care shall be exercised to prevent 
any depressions or surface irregularities afier rolling the gravel and binder. 

47.4. When the gravel consists of screened material the binder shall 
consist of a mixture of the sand screened out and the No. i size, with erough 
clay added when necessary to make a percentage of 12 to 17, but not to 
exceed 17 per cent. The binder shall be added as directed by the Engineer and 
thoroughly swept into interstices thereof until they are filled. After sprink¬ 
ling the surface it shall be thoroughly rolled. The adding of binder where 
necessary and the sweeping, sprinkling and rolling shall continue until the 
course is compacted. The pavement shall then be opened to traffic and 
shall be in a first-class and satibfactory condition at the time of its acceptance. 

47.5. When the gravel consists of run of the bank tlie binder shall be 
the fine particles contained in the material in its natural state except that 
when so ordered in wTiting by the division Engineer a sinall percentage 
of clay or loam may be added, when necessary to proi>erly bind the course. 

The particles shall be of such size as will pass through a j'-^-inch circular 
hole, and shall be well graded. Gravel shall be of such nature that the 
material passing a J'4-inch screen shall not be more than five per centum (not 
feasible, see page 138) in excess of the voids in the remaining material after 
its separation therefrom. Should at any time during the work and for any 
reason the gravel fail to maintain suitable proportions of the coarse and fine 

f iarticles, the Contractor shall by the addition of selected material and satis- 
actory manipulation produce a top course meeting the above requirements. 
Care shall be taken to keep the large stone away from the surface. 

After sprinkling the surface it shall be thoroughly rolled. Additional 
material forbinder shall be added where necessary and the sprinkling and 
rolling shall continue until the course is compacted. The pavement shall 
then be opened to traffic and shall be in a first-class and satisfactory con¬ 
dition at the time of its acceptance. 

47.6. The quantity to be paid for under this item shall be the number 
of cubic yards of compacted material m place in the completed course. 
The amount will be computed by multiplying the finishccl cross-section 
of the top course as shown on the plans or ordered by the Engineer, by 
the length of the top course measured along the axis of the pavement. 

The price bid under this item shall include the furnishing, placing, rolling, 
filling, and puddling of the material, and all labor, material and incidental 
expenses necessary to complete the work. 

Gravel or screenings remaining loose on the surface after the work is 
completed shall not be estimated as a part of the depth of the top course, 
but payment therefor shall be included m the price bid for this item. 

Item 48—Top Course—Water Bound Macadam—Broken Stone 

48.1, Under this item the Contractor shall furnish and place uixm the 
bottom course broken stone to form the top course. 

48.2. The top course shall, except as noted below, consist of No. 3 broken 
stone as shown on the plans and of the thickness shown thereon, together 
with the binder necessary to properly fill and bind the course. The binder 
shall consist of screenings and No. i stone mixed. 

48.3. The No. 3 stone shall be spread evenly upon the bottom course, 
using cubical blocks for gauging, to such a depth as to insure the required 
thickness after it shall have been thoroughly rolled and compacted. Care 
shall be used in the spreading of the stone that no irregularities in the contour 
shall develop in the rolling; eveir such irregularity that docs occur the 
Contractor shall remove before adding the smaller material. The rolling 
shall be done with a 10 to 13 ton self-propelled roller of approved pattern, 
and shall be continued until the layer of stone does not creep or wave ahead 
of the roller. 

After the stone has been compacted to the satisfaction of the Engineer, 
a light coating of binder shall be spread on dry by shoveling from piles 
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previouslv placed alongside the pavement, and immediately swept in and 
thoroughly rolled. Care must be taken throughout to add the binder only 
in light coatings and to thoroughly sweep each coating in order that the 
maximum amount of binder may be worked in to fill the voids. The spread¬ 
ing and sweeping and rolling shall be continued until no more binder will 
go in dry, after which the macadam shall be sprinkled until saturated, the 
sprinkler being followed by the roller. If the sub-grade should become 
wet to such an extent that the pavement becomes unstable and waves 
under the roller, the roller shall be taken off and this portion left to drv out 
before puddling is resumed. 

More screenings shall be added where necessary, and the sweeping, 
sprinkling, and rolling shall continue until a grout has been formed that 
shall fill all the voids and be pushed into a wave by the wheels of the roller. 
After the wave of grout has been produced over the whple section of the 
macadam this portion shall be lett to dry out. after which it shall be opened 
to tratlic. The macadam shall be repuddled aiul back-rolled on succeeding 
days as much as may be necessary to secure satisfactory results. The 
macadam shall then be covered with a wearing carpet of screenings at least 
three-eighths of an in' h thick; this wearing carpet shall be maintained and 
renewed until the whole road is accepted. During all the working hours 
when the roller is nrU needed for rolling the fills, sub-grade, shoulders 
and unfinished courses of the pavement, it shall be employed in back-rolling 
the earlier portions of the macadam. 

48.4. The quantity to be paid for under this time shall be the number 
of cubic yards of compacted m.iterial in place in the completed course. 
The amount to be estimated shall be computed by multiplying the finished 
cross-scction of the top course as shown on the plans or ordered by the 
Engineer, by the length of the top course measured along the axis of the 
pavement. 

The price bid shall include the furnishing, placing, rolling, filling and 
puddling of the material, and all labor, material and incidental expenses, 
necessary to complete the \sork. 

' No. I stone or gravel, chips or screenings remaining loose on the surface 
after the work is completed shall not be estimated as a p.art of the depth of 
the top course, but payment therefor shall be included in the price bid for 
this item. 


Item 49—Cleaning Old Pavement 

49.1. The purpose of ihe work called for under this item is to prepare 
an old m.icadam or old eoncretc surface for the application of a new 
course or a wearing carpel. 

49.2. Und('r this item the Contr.actor shall clean the old macadam or 
concrete surface by the use of .se.il hand brooms or by the use of mechanical 
sweepers of approved type, as directed by the Hlnginccr, so as to completrlv 
uncover but not ilislodgi* the eml)eddcd stones of the pavement. 

All mud, dust, and other dirt so swept off shall then be removed ami 
deposited in such places and in such manner as the Engineer may direct. 

40., j. Ruts and tlc'pressions of a greater depth than one inch below the 
general surface of the pavement shall he complctelv swept out by hand 
brooms until all loose material has been removed and the embedded stones 
are fully uncovered. 

This operation of cleaning out the ruts and depressions and filling them 
with thoroughly cf)mi)actcd stone and binder to the general level of the 
surface, shall precede the general operation of cleaning the macadam surface. 

49.4. The amount to be paui lor umlcr this item shall be the actual 
nurtibcr of square, yards of old tnac.adam or concrete, including ruts and 
depressions, cleaned in accordance with the above sections and to the 
satisfaction of the Engineer. 

The price bid shall include all lalxir, tools, appliances, the removal of mate¬ 
rial cleaned from the surface, and all other expenses incidental thereto. 

Item 50—Scarifying and Reshaping Old Macadam 

50.1. The purpose of the work under this item is to prepare old macadam 
pavement for the application of a top course. 



U56 


SPECIFICATIONS 


50.a. Under this item the Contractor shall thoroughly scarify the old 
macadam by hand picking or by means of a mechanical scarifier of approved 
type. Unless specifically authorized by the Engineer, the use of a roller 
with spiked wheels will not be permitted. 

The loosened stones shall then be forked or raked over as directed by 
the Engineer, after which the macadam shall be compacted by rolling 
with a self-propelled roller weighing not less than 10 tons until an even 
and firm surface is produced. If necessary in order to satisfactorily com¬ 
pact the stones, the macadam shall be sprinkled during the process of 
rolling. 

50.3. The quantity to be paid for under this item shall be the actual 
number of square yards, scarificil. reshaped, rolled and compacted to the 
satisfaction of the Engineer, and the price stipulated shall include all labor 
appliances and expenses incidental thereto. 

Item 51—Surface Treatments with Bituminous Material 

51.1. Under this item the Contractor shall apply bituminous material 
and shall apply broken stone or gravel of specified sizes as a wearing carper 
to a new or old pavement of macadam, concrete, or any other substance or 
type, as shown on the plans or ordered by the Engineer. 

51.2. If the pavement to be treated is a newly built macadam or concrete, 
after it shall have become thoroughly dried and hardened, it shall be swept 
clean of all dust, dirt or other loose material; if ordered Viy the Engineer, 
the sweeping of the macadam shall be continued until the voids are exposed 
in the surface to a satisfactor>’ depth, not exceeding one-half inch. The price 
bid, under this item, shall include the aforesaid cleaning of the pavements. 

If the pavement to be treated is an old macadam or old concrete, the 
cleaning shall be paid for under item “Cleaning Old Pavement.” 

51.3. After the pavement shall have been cleaned to the satisfaction 
of the Engineer, and when dry, the bituminous material shall be uniformly 
sprayed over the surface by means of an approved pressure distributor. 
The bituminous material for hot application shall be heated to a tem¬ 
perature between 250 degrees and 350 degrees P. as required, and when 
tar is used, it shall be heated to a temperature between 200 degrees and 
250 degrees F. as required. 

The amount of bituminous material to be used in any one application 
shall not be less than one-sixth nor more than one-half gallon per square 
yard, the precise quantity depending upon the character of the pavement, 
the /natcnals and the local conditions. The Contractor shall, therefore, 
be subject entirely to the direction of the Engineer in this respect. 

51.4. The bituminous material ajinhcd as above specified shall then 
be immediately covered, while soft, with a uniform layer of approved broken 
stone of No. 2 or No. I size, after which the stone sh.all be rolled with a self- 
propelled roller of approved weight. If ordered by the Engineer another 
application of bituminous material shall then be made to be followed by an 
application of approved No. 2 stone or approved No. i stone, and again 
rolled to the satisfaction of the Engineer. 

The quantity of No. 2 stone and of No. i stone to bo used shall be suf¬ 
ficient to completely cover the bituminous material and shall be spread in 
two or more thin applications, the roller being used after each spreading. 
The total amount of stone to be used after each application of the bituminous 
material being that which will become imbedded under the pressure of the 
roller. The final application of the stone shall be of No. i size. 

.51*5. Gravel, which has been tested and approved for use, may be sub¬ 
stituted for broken stone if screened to produce particles corresponding 
with No. 2 and No. i sizes. 

51.6. No bituminous material for surface treatment shall bo placed 
between October 15th and May 15th. except by written permission of 
the Engineer, nor when the air temperature on the work is below 50 degrees F., 
nor when the pavement is damn or in an otherwise unsatisfactory condition. 

51.7. Under this item the Contractor shall bo paid for the number of 
gallons of bituminous material furnished in and incorporated in the work 
in accordance with these specifications and the orders of the Engineer. 
Bituminous material, that has been wasted or that has been rendered 
unfit for use by over*heating or by long-continued heating, shall not bo 
paid for. For purposes of measurement, a gallon shall be a .volume of 
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232 cubic inches and measurement shall be based on the volume of the 
bituminous material at a temperature of 60 degrees F. 

The price bid shall include the furnishing, hauling, heating and applying 
the bituminous material, and shall also include the spreading, rolling and 
incorporation of the stone into the wearing carpet. 

This item shall not include the furnishing of the No. i and No. 2 stone 
or gravel, nor the delivery of same along the side of the road- these will be 
paid for under Items Screened Gravel or Broken Stone Loose Measure, 
respectively. 

Item 5a—Top Course Bituminous Macadam—Penetration Method 

52.1. Under this item the Contractor shall furnish and lay a broken 
stone top course composed of fragments of the specified sizes, and incor¬ 
porate therewith bituminous material introduced from the surface by means 
of an approved pressure distributor.^ 

‘ Hand spreading from pots or hods is more satisfactory for the first coat 
but not for the flush coat. 

52.2. After the bottom course shall have been completed to the satis¬ 
faction of the Engineer, a course of approved No. 3 broken stone shall be 
evenly spread thereon in such quantity that after the application of the 
bituminous material and broken stone of smaller sizes, hereafter specified, 
the final compacted thickness of the top course shall be as called for on the 
plans or ordered by the Engineer. 

The No. 3 stone shall then be smoothed out by passing over it a few 
times a self-propelled roller weighing appro.xunatciy 10 tons, after which 
bituminous material of the kind specified in the proposal, heated to a tem¬ 
perature between 250 degrees and 350 degrees Fahrenheit if asphalt is 
used, and between 200 degrees and 250 degrees if tar is used, shall be evenly 
spreading over the surface. The quantity of bituminous material to be 
used in the first application shall be the amount ordered by the Engineer, 
which will appro.\imate 1^4 gallons per square yard for a top course 3 
inches thick, with a proportional reduction in the ouan'lity for thinner courses. 

The surface shall then be immediately covered with a layer of approved 
No. 2 broken stone, after which it shall be compacted with a self-propelled 
roller weighing approximately 10 tons; during the rolling process, additional 
No. 2 broken stone shall be applied and broomed about until the voids in 
the No. 3 stone are cntirelv filled.* The rolling shall be continued until the 
course of stone is thoroughly compacted and its surface is tnie and even to 
the established grade and conforms in all respects to the requirements 
specified for finishing and the surface of "Top Course Bituminous 

Macadam. Mixing Nfethod—Type i." 

52.3. After this portion of the work shall have been completed to the 
satisfaction of the Engineer, all loose stone shall be swept from the surface 
and a sealing coat of onc-half gallon of bituminous material per square 
vard shall he applied by means of an approved pressure distributor. After 
this it shall be immediately covered with approved No. i broken stone, 
spread and broomed about by experienced workmen, and again rolled; the 
rolling shall be continued and additional No. i stone shall be applied until a 
smooth, uniform surface is produced. 

52.4. Before being opened to traffic a layer of No. i broken stone approxi¬ 
mately onc-half inch thick shall be spread loose on the surface for wearing 
course. 

52.5. The nuantity to be paid for under this item shall be the number 
of cubic yarns of compacted material in place in the cotnpleted course. 
The amount to be estimated shall be computed by multiplying the finished 
cross-section of the top course, as shown uix>n the plans or ordered by the 
Engineer, by the length of the top course measured along the axis of the 
pavement. 

The price bid shall include the heating and placing of the bituminous 
material, the furnishing, placing, rolling and filling of the broken stone, 
and all labor, materials, and incidental expenses necessary to complete the 
topcoursc. 

This item shall not include the furnishing and delivery of the bituminous 


•Too much rolling^ is inpirious while the oil is hot; better results arc 
obtained by waiting till the next day to compact; the course should be rolled 
early in the morning for 10 days and gradually hardened down. 
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material; such riimishing and delivering will be paid for under the item 
covering such material. 

No. I broken stone or gravel, chips or screenings remaining loose on 
the surface afer the work is completed shall not be estimated as a part of 
the depth of the top course, but payment for these shall be included in the 
price bid for item 52. 

Item^ 47. Top Cotirse. Bituminous Macadam, Penetration Method 

a. Work.—Under this item the contrac tor sliall furnish and lay a brciken 
stone or broken-slag top course composed of fragments of the specified sizes, 
and incorporate therewith bituminous matt‘rial applied by means of a 
pressure distributor of an approved type. The laying of this course will not 
be allowed after Oct. is except under the written permission of the engineer 
and the approval of the Deputy Commissioner. 

b. Metnod.—.After the bottom course shall have been completed to the 
satisfaction of the engineer, a course of clean approved No. broken stone 
or broken slag shall be evenly spread thereon in such quantity that before 
the application of the bituminous material and broken stone or broken slag 
of small sizes, hereafter specified, the compacted thickness of the top course 
shall be as called for on trie plans. 

No stone with dust coating will he permitted fur use in this course. If 
any stone spread for this cuuisc becomes wet or dirty, it must lx; allowed to 
dry to the full depth of the course, and dirty stones removed and replaced 
with clean stone tKjforc the pouring of bituminous maternl proceeds. 

All filler (jT the top course shall be delivered and piled alongside the road 
before the top course i.s p]acc<i. 

The No. 3 stone or slag shall then be compacted by passing over it a self- 
propielled roller weighing appro.xirnately 10 tons, afetr which bituminous 
material of the kind spccifie<i in the jiroposal 0*H*atod to a temperature 
between 200 and when tar is uso«l and between 2so and 325‘^i'. when 

asphalt is used) shall he even’y sproa 1 over I'-.e surface by the use of an 
approved pressure <listributor. operiiting under a jiressure of so lb. per 
square inch or more as the engineer may ihrcc-t. The (juantity of bituminous 
material t'> be used in the first appluati .n shall be the amount ordiTcd bv 
the engineer, win- li will approximate 2 gal. pi r ijoare yard fc^r a compacted 
top course 3" thick, with a proportional reduction in the quantity for 
thinner courses. 

In order to insure uniformity at the junction point of two applications, it 
will be required that the distributor should in starting lap back on the 
previous application, covering the lap with building paper, to avoid cither an 
excess or an insufficient quantity at the junction point. The paper shall 
then lx; removed and destroyed. 

The surface shall then be immediately filled with clean No. 1 broken stone 
or broken slag, after which it shall be compacted with a .self-propelled 
roller weighing approximately lo ton.s; during the rolling process, additional 
broken stone as specified above or broken slag shall lx; applied anfl broomed 
about until the voids in the No. 3 stone or .slag are entirely filled. The rolling 
shall be continued until the course of stone or slag is thoroughly compacted 
and its surface is true and even to the established grade. 

c. Testing Surface. —Before placing the scaling coat, the pavement shall 
be tested with a 10' straiijht-edge Laid parallel with the center line of the 
pavement, and any depressions exceeding 3^" shall be satisfactonly elimi¬ 
nated or the pavement rclaid. 

d. Sealing Coat.—After this portion of the work shall have Ixjcn cotn- 

f deted to the satisfaction of the engineer, all loose stone or slag shall be swept 
rom the surface and a scaling coat of approximately Yi gal. of bituminous 
mat«^al per square yard shall be applicci by means of an approved pressure 
distributor. After this it shall be immediately covered with approved No. 
I broken stone or slag, spread and broomed about by experienced workmen, 
and again rolled; the rolling shall l>c continued and additional No. i stone 
or slag shall be applied until a smooth, uniform surface is produced. 

e. Wearing Carpet.—Before being opened to traffic a layer of No. 1 broken 
stone or slag approximately W*' thick shall be spread loose on the surface 
for wearing course. After the road has been open to traffic for 10 days, or 
as the engineer may direct, this wearing catpet shall be again spread by 
sweeping the surplus from the side? to the center of the pavement. 

/. Measurement and Payment— The quantity to be paid for under this 
item shall be the number m cubic yards of compacted No. 3 stone or slag 
> New York. 
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which shall be computed by multiplying the finished cross-section of the top 
course, as shown upon the plans or ordered by the engineer, by the length of 
the top course measured along the axis of pavement, making no deduction for 
catch basins and jnanholcs. 

The price bid shall cover the heating and placing of the bituminous 
material, the furnishing, placing, rolling, and filling of the broken stone or 
broken slag, and all labor, materials, and incidental expenses necessary to 
complete the top course. 

This item shall not cover the furnishing and delivery of the bituminous 
material; such furnishing and delivering will be paid for under the item cover¬ 
ing such material. 

No. 1 broken stone or slag shall not be estimated as a part of the depth of 
the top course, but payment for same shall be included in the price bid for 

Stri'ace Type FA-BC-2 

75J. FINE AGGREGATE. BITUMINOUS CONCRETE 

Tu'o Course 

1. Definition. 

A bituminous concrete pavement is fle^lned as one which is composed of 
clean stone, bituminous sand and a mineral filler, bound together with 
bituminous cement. 

2. Thickness ani> Weight. 

This pavement shall be laid in two courses—the top or wearing course and 
the bottom or binder course. The top course must have an average thick¬ 
ness, after ultimate compression, of not less than one and one-half 
inches, shall not be less than one and one-quarter (1^4) inches nor more than 
two (2) inches thick at any p<»mt. and have an average weight of not less than 
one hundred eighty-five (185) pounds per square yard, exclusive of the 
squeegee coat. The bottom course shall have an average thickness, after 
ultimate compression, of not less than one and one-half inches and 

shall not be less than one and onc-quarler (1^4) inches nor more than two 
and one-half (2>‘i) inches thick at any point, and have an average weight of 
not less than one hundred seventy (170) pounds per square yard of surface. 

3. Materials Riiquired. 

The binder course shall be prepared from •''4-in. trap rock, dolomite or. . . . 
bituminous san<i, mineral filler, and asphaliic cement tirades LM*. 

CM* or. 

The surface course shall be prepared from duslless screenings made from 

trap rock, dolomite or. . .^ bituminous sand, mineral filler and 

asphaltic cement Grades XA*. LM*. ("-M*. or. 

These materials shall comply with the requirements given therefor in 
Articles 92. 9S-A and 99, 

4. Composition. 

The finished pavement, exclusive of any bituminous scaling mixture 
a;)plicd, shall not vary in compo^,itioii more than the limits given below: 
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s. Estimating Ingredients. 

The proportions of the different ingredients required to prepare the pave¬ 
ment s!^ll be determined by weight. The pavement must not vary in com¬ 
position more than the specified limits given. 

The bitumen content is based upon the finished pavement, exclusive of 
any mineral or bituminous surface coating applied. The exact amount of 
mineral filler and asphaltic cement to use between the limits defined herein 
shall be determined by the Testing Engineer. In calculating the percentages 
of the various sizes of ingredients of which the mineral aggrej^ate is composed, 
the bitumen is included. The actual amount of paving mixture used shall 
be estimated from the railroad shipping weights of the ingredients used, 
batches of paving mixtures prepared and used, or loads delivered and laid. 

6. Preparation. 

The quantity of ingredients used i>er batch in the preparation of both the 
top and bottom courses must be accurately determined by either weight or 
measurement, depen ing upon the type of plant and kind of material tx;ing 
used. In either case the dev'ices used in measuring these ingredients must 
be standardized whenever so requested, also the manner in which thesedevdees 
are used shall be demonstrated and the quantity of material thus secured 
verified, whenever so ordered by the Inspector or Engineer. The plant used 
in preparing the pa\dng mixtures shall comply with the requirements given 
below. 

The mineral filler should be so cast into the mixing chamber that it is 
evenly distributed over the surface of the aggregate and not dumped in f>ne 
end of the mixing chamber. The asphaltic cement should also be added 
slowly in a thin sheet the full width of the mixing chamber. If the filler 
and asphaltic cement are not added in this manner, the time required to 
produce a uniform paving mixture will be two {.i> or more minutes per batch, 
otherwise, from one (i) to one and one-half (iH) minutes will be sufficient. 

(a) Wearing Surface. The aggregate for the wearing surface must have a 
temperature of not less than 27S°F. nor more than 350®F. whch ready to be 
coated with the asphaltic cement. The asphaltic cement, when applied to 
the aggregate, must have a temperature of not less than 25o"F. and not more 
than 350^F., and mu^t l>e free from unmelted lumps. The mineral filler 
may be added cold and must be thoroughly dry. 

In the preparation of this mixture the aggregate is first added to the mix¬ 
ing chamber, then the mineral filler. After the mineral filler has become 
uniformly distributed through the aggregate the asphaltic cement is added 
and the mixing continued until a bituminous mixture is secured that is uni¬ 
form and homogeneous in comixisition and all the particles of the aggregate 
arc uniformly and completely coated with the hot asphaltic cement. 

(b) Binder Course. The aggregate for the binder course must have a tem¬ 
perature of not less than zso'^F. nor more than 350®F. when ready to be 
coated with the asphaltic cement. The asphaltic cement shall have the 
same temperature when applied as specified for the wearing surface. No 
mineral filler is required in the binder. 

In preparing the binder course, the stone and sand are run into the mixing 
chamber and the asphaltic cement added as soon as the sand i.s thoroughly 
incorporated with tne stone. The mixing is continued until all particles 
of the aggregate arc completely coated with hot asphaltic cement and the 
mixture is uniform and homogeneous in composition. Care must be exer¬ 
cised in the preparation of this binder th.at the aggregate docs not get too hot, 
that excess fine material or asphaltic cement are not used if rich spots in 
the binder are to be avoided. 

7. Hauling and Handling. 

The paving mixtures must be kept clean during hauling and handling and 
coverea during transit with canvas or other materials which will retain their 
temperature. These mixtures must not be hauled such a distance that segre- 
ration of the ingredients takes place or that a crust is formed on the surface, 
bottom or sides of said mixture which has a temperature lower than that 
required. These mixtures must not be dumped any faster than they can 
be properly handled by the shovclcrs nor at such a rate that over six (6) 
tons or paving mixture are upon the platforms at the same time. They 
must be spread immediately after Vxnng dumped and must be kept perfectly 
clean until spread. Any part of the paving mixture which becomes dirty 
or chilled below the required temperature must be rejected. All paving 
mixture must be carefully removed irom the spot upon which it was placed 
before any additional paving mixture is placed thereon. 



BITUMINOUS CONCRETE 


1461 


The mixture for the wearing surface, when dumped on the platforms, must 
have a temperature between 272®F. and 3SO®F.; for the binder course, 
between 2SO®F. and 32S°F. Any portions of the wearing surface mixture 
that become chilled below 2SO°F. or of the binder below 225°F. before being 
spread shall be discarded. 

These paving mixtures may be dumped direct on a concrete foundation, 
but when the foundation is macadam or telford they shall be dumped on 
metal or wooden platforms which must be of such size that the paving mix¬ 
ture will not fall off when dumped thereon or work off during spreading. 
The wearing surface mixture may be dumped on the binder. However, 
each load of paving mixture must be dumped outside of the area over which 
it will be spread. 

All vehicles used in transporting paving mixtures must have tight-fitting 
bottoms which will hold hot, thin mixtures without leaking. When motor 
trucks are used the bodies should be insulated for long hauls during cold 
weather so that the paving mixtures adjacent the ends and sides will not 
become chilled during transit. All motor trucks used for this purpose must 
have dump bodies that will permit the rapid unloading of these mixtures. 
The inside surface of these bodies should be oiled just before loading. How¬ 
ever, only sufficient of this oil shall be used to coat the surface. No pools 
of oil must appear on the bottom of the truck. 

8 . Spreading and Raking. 

Immediately after the paving mixture has been dumped upon the plat¬ 
form, it shall be deposited at once upon the foundation or binder with hot 
shovels in such a manner that any segregation of the ingredients or irregulari¬ 
ties in compiosition will be eliminated as much as possible. After being thus 
deposited it shall be so spread w'ith hot iron rakes that after being thoroughly 
compacted by tamping and rolling each course shall have the average thick¬ 
ness, surface finish and contour specified. 

During spreading and raking the workmen must not walk over or stand on 
the paving mixture except when necessary to correct irregularities in the ini¬ 
tial raking. The paving mixture shall not be spread any faster than it can 
be proTCrly handled by the rakers. 

(a) Binder. The binder course shall only be rolled sufficient to properly 
compact and bind together the ingredients of the aggregate; also to disclose 
any open spots or low places. When any depressions are discovered they 
shall be filled with additional binder and rerolled so that the surface of this 
binder course shall be of a uniform character, at the required grade and have 
the specified crown. 

The surface of the binder course after compression shall not show in any 

f ilacc an excess of asphaltic cement or fine matrix, and any area of one square 
oot or more showing an excess of asphaltic cement shall be cut out and 
replaced with proper binder. Smaller spots may l>e dried by the use of stone 
dust and smoothing irons. 

After being spn'ad and rolled as above specified the binder course must be 
protected frorn all travel and be kept perfectly clean until the top course 
has been applied. If any part of the binder course shows a lack of bond, 
becomes loose or broken or gets covered with dirt it must be replaced with 
proper material, laid in accordance with the requirements given. 

The binder course after being propicrly constructed should be cov'ered imme¬ 
diately with the top course. In no case shall more binder be laid during any 
one day than can Be covered by the top course during the same day. No 
binder course should be left uncovered during the night. If it becomes 
coated with dust or dirt when left so uncovered it must be swept clean or 
replaced with proper material as the Engineer may direct, before any surface 
course is applied thereto. 

( 6 ) Surface.—Special care must be used in spreading and raking the wear¬ 
ing surface if porous spots, depression or projections are to l^e eliminated. 
For this purpose the Contractor shall employ not less than (3) rakers for 
each one hundred (100) square yards of surface pavement laid per hour. 
Additional rakers must be employed when a greater quantity of pavement is 
being laid per hour. 

The rolling of the wearing surface mixture mu.st be so executed that porous 
spots will be eliminated, the formation of waves and depressions prevented 
and the required density and surface finish .secured. 

Whenever the pavement is laid along side of brick or concrete gutters, 
street car tracks, man-hole heads or liners, the finished surface adjacent to 
them shall be left one-quarter (Vi) of an inch higher in order to proWde for 
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subsequent compression by traffic and to avoid depressions which woul'i 
otherwise be liable to occur at these points. 

9. Rolling. 

After the paving mi.Ttures have been properly spread and raked they shall 
be rolled as soon as they will bear the roller without undue displacement or 
hair cracking. Delays in the initial rolling of the freshly raked mixtures 
will not be permitted. In all p aces inacces.sible to a roller, such as adjacent 
to curbs, gutters, headers, man-holes, etc., the required compression shall 
be secure 1 with hot tampers. 

The initial and final rolling of the binder course shall be done with a six (6) 
to eight (8) ton tandem roller or a ten (10) to twelve (12) ton three-wheel 
pow’er roller. The initial rolling of the top course or wearing surface shall 
be done with a five (s) ton tandem roller, but final compression shall alw’ays 
be secured with an eight (8) to ten (10) ton tandem roller or a ten (10) to 
twelve (12) ton three-wheel power roller when the Engineer permits or 
requires the use of this type of roller. 

When more than one hundred (100) square yards of wearing surface are 
laid per hour, two (2) rollers shall be kept in use. one of which shall be of the 
finishing size. An additional finidiing roller will l»e required for each addi¬ 
tional one hundred (100) square yards of %vearing surface laid per hour. 
All rollers used sh.all be kept in good condition and shall weigh not less than 
two hundred (200) poun-ls to the inch width of trcail. Each roller shall be in 
the charge of a competent experienced roller Engineer and must be kept in 
continuous operation as nearly as practicable. During an 8-hour day each 
roller must Ikj engaged in actual rolling for not less than six and one-half 
hours, not more than one and one-h.ilf hours being allowed for 

cleaning fires, watering, etc. The ashes from the roller must not Ixj dumpei! 
upon the binder or wearing surface courses. 

The surface of the w heels of the roller must be kept clean at all times and 
cither oiled or wet with water as orclercd by the Engineer. When the u.se of 
water is permitted, it shall not l>e applied in such ciuantity that surplus water 
will run off of the wheels of the roller onto the pavement. 

During the initial rolling of both the top and bottom courses, the roller 
shall travel parallel to the axis of the pavement, beginning at each edge and 
working towards the center. Each trip of the roller shall overlap the pre¬ 
ceding one alxjut one-half the width of the roller. Alternate trips of 
the roller should be of slightly difTcrent lengths. Subsequent rolling shall 
be both diagonal and parallel to the axi.s of the pavement. The rolling shall 
be continued at the rale of not more than one hundred fifty (isp) square 
yards of w'earing surface per hour for each roller of the finishing size. The 
roller must not pass off the pavement during rolling, nor stand on the com¬ 
pleted pavement which has not cooled to normal temperature. 

The rolling should Ihi so executed that all parts of the ixavcmcnt will receive 
equal compression; also develop any low or high spots caused by improper 
spreading and raking. The surface of low spots or depressions shall be 
roughened with a hot rake, additional material added thereto and rcrollcd 
immediately. Excess material shall be removed from the high spots. Such 
repairs should be made as soon after the initial rolling as possible while the 
pavement is yet fairly soft. 

10. Seal Coat. 

As soon as possible after the rolling of the mixture is fini.shed and while 
the surface is yet fresh, clean and hot. a seal coat of bituminous cement shall 
be spread thereon. The cement used for this purpose shall Ik* the same as 
used in preparing the pavement mixture. It shall be applied at a tempera¬ 
ture between 2.^o°F. and from a squeegee distributor, and then 

evenly spread with rubber squeegees. Only sufficient cement shall l>c u.scd 
to coat the surface and fill the surface v»*i Is without leaving an excess on 
the surface. Immediately over this a top dressing of dustless screenings or 
pea gravel, or a mixture thereof, shall l>c uniformly spread and rolled into 
the surface. Some surplus of this dressing shall be left on the surface. 

11. Surface Finish. 

The surface of the finished pavement mu.st substantially conform to the 
grade and contour specified and shall bo free from dcpre.ssions or projections 
which arc one-quarter (^) of an inch above or IkjIow the established grade 
as determined by a straight edge, five (5) feet in length, laid parallel to the 
axis of the road. It mu.+t Ikj uniform in density and composition, thoroughly 
bonded together and water tight, and be free from porous or rough spots 
that will remain wet after the oaUtnee of the surface is dry. Such portions 
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of the completed pavement as are defective in finish, or that do not comply 
in all respects with the requirements of these specifications, shall be taken up. 
removed and replaced with suitable material, properly made and laid m 
accordance with the requirements of these specifications at the expense of 
the Contractor. 

12. Joints. 

The pavinR shall be so done that the number of joints required shall be 
reduced to a minimum. When a ri^* joint is not used the ed^es of the prev¬ 
iously laid pavement shall be cut on in a straight line far enough back from 
the edge to insure that the wearing surface has the required thickness. The 
cut shall be made at a slight angle to the pavement surface and present a 
smooth unbroken edge. The face of the joint shall be painted with bitumin¬ 
ous cement, after which the hot bituminous mixture shall be raked over it to 
the proper depth. Hot smoothers or tampers shall be carefully employed 
in such manner as to insure the proper bond between tlie two (2) paving 
mixtures without burning or injuring cither. The finished joint must be on 
the same plane as the adjacent finished pavement surface. Joints which 
arc above or below the general plane of the pavement surface must be brought 
to the proper grade or rem;idc. 

The faces of all curbs and gutters, iron castings or other objects projecting 
through the pavement shall be painted with Imt bituminous cement before 
the a(ijoining paving mixture is laid. The adjacent jxiving mixture shall 
be compressed by ramming with hot tampers when the required compression 
cannot be securcii with the roller. 

13. FotJNDATioN, Condition of. 

The foundation, when a bituminous pavement is applied thereon, must 
be dry, clean, free from all frost, and have a temperature above 32®F. at 
the point where the paving mixture is being laid. It must substantially 
conform to the grade and crown six'cifieil. and comply with the requirements 
given for the tyjK? of foundation being used. Wl.en a foundation is in the 
proper condition to receive a jiaving mixture it mu'l be protected from a'l 
travel that will injure, deface or carry foreign material upon it. 

14. Edge Protectors. 

When the edges of pavements are not protected by a concrete or stone 
curb or header, four (4) to six (6) inch planks of the same thickness as the 
finished pavement must be used for this purpose, which shall be firmly 
secured and left in place until the pavement has been properly rolled and 
thoroughly set. 

15. Construction vSeason. 

The piTvement shall be laid between the first day of May and the first day 
of December, unles.s written permission is secured from the Department to 
lay pavement at any other time. No iiavement shall be laid when it is rain¬ 
ing orvwhcn the atmospheric temperature is below 32®F., or when the weather 
is such as to make it very dilTicult to lay the paving mixture in a manner 
which will permit the proper density and surface finish being secured. 

16. Workmen. 

The workmen employed by the Contractor must have h.ad sufficient 
experience in the preparation of bituminous paving mixtures and the con¬ 
struction of bituminous pavements to be able to operate the equipment in 
such a manner that the pavement produced will have the required composi¬ 
tion. density and surface finish. The men operating the mixing plant, the 
spreaders, rakers and roller men must show by the work completed that they 
have had the necessary experience and arc making the proper effort to exe¬ 
cute the work in the manner required by these specifications. Otherwise, 
their services will have to be dispensed with by the Contractor. 

17. Plant AND E9UIPMENT. 

The plant used in preparing all bituminous paving mixtures must be of the 
batch type, capable of mixing in the manner herein specified not less than 
ten (10) tons of the paving mixture for each mixer per hour, and must be 
provided with separate chambers for heating and mixint^ the ingredients. 
No direct heat except steam shall be applied to the extenor surface of the 
mixing chamber or flame through the same. The aggregate shall be heatctl 
in a revolving kiln. The heat must be so regulated that the aggr^ate can 
easily be heated to and maintained to the required temperature. The tem¬ 
perature of the uncoated heated aggregate shall be determined by an electric 
pyrometer, so placed at the discharge chute of the dryer as to register 
automatically tno temperature thereol. 
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All mixing plants which do not dry and heat the aggregate in unit batches 
must be equipped with a twin-pug mixer, rotary screen, storage bins, hopper 
and scales. 

The rotary screen must separate the aggregate into two or more sizes, 
exclusive of tailings. This screen must be not less than five (s) feet in length 
and contain the size openings necessary to produce a paving mixture of the 
composition herein specified. 

The main bin into which the hot screened aggregate falls must be divided 
to correspond to the different sizetl openings in the rotary screen, and be so 
arranged that the aggregate from each size screen will pass into its respective 
bin without getting into the adjacent sub-bins. Each sub-bin must be 
pro^nded with an overfiow that will prevent excess material being accumu¬ 
lated in any one sul>-bin. An overflow must also ^ provided to prevent 
all materml larger than that permitted to be used in the pavement under 
construction from falling into any ot the bins. 

Elach sub-bin must have a separate outlet with a gate at the bottom, and so 
arranged that any definite quantity of aggregate can be drawn thereform. 
The hopper into which the hot aggregate is drawn must rest upon a set of 
scales so arranged that any definite weight of material can be weighed out 
of each sub-bin. 

The mixer must be capable of holding and properly mixing at least a one 
thousand (1000) pound batch of paving mixture. Each plant, regardle.ss 
of the type of mixer used, must have at least two asphalt kettles holding not 
less than six hundred (600) gallons each, and an asphalt thermometer for 
use therewith. The heat must be applied to these kettles in such a manner 
that the asphalt cement will be uniformly' heated without being burned or 
decomposeci. 

The asphalt carrier used to mca.sure and apply the asphalt cement must 
be balanced upon a set of scales. It shall be so arranged that the asphalt 
cement can be easily and quickly weighed and p<)urcd in a thin sheet between 
the two lines of paddles the full width of the mixer. 

When a squeegee distributor is required to be used, it mu.st be designed for 
this particular purpose. All equipment and inethod.s used in the preparation 
and construction of the pavement must be approved by the Engineer before 
being used on this contract. 

18. Field Laboratory. 

The Contractor shall provide and keep in good order at the plant the fol¬ 
lowing testing equipment which may l)e used by' the Engineer or Inspector. 

X Penetration Machine Complete with Dishes, Thermometer, Needles, 
Stop Watch, etc. 

1 Laboratory Sand Scale, soo-gr. capacity. 

X Set 6- to 8-in. Sieves, containing the following: Sizes 10, 30 , 30, 40, 50, 
80 and 200 meshes, with bottom pan and cover. 

X Set 6- to 8-in. Screens, 1)4. i, ^4. 3 -^ and >4 in. • 

2 6 -in. Pointed Trowels. 

3 6 - to 8 -in. Steel Spatulas. 

3 Brushes. 

2 Or more Inspectors’ Armor Asphalt Thermometers. 

I Roll Pat Test Paper. 

The above equipment must be standard type and apjirovcd by the Testing 
Engineer. The Contractor shall also provide a field lalxiratory in which to 
house and use the above equipment, said laboratory to be not less than ten 
(10) feet wide, twelve (12) feet long and seven (7) feet high, floored, contain 
not less than two windows and work bench with the ncccssarv drawers; this 
laboratory to be used exclusively for testing purposes by the Contractor. 
Engineer or Inspector. 

Surface Type S. A. 

75C. SHEET ASPHALT 
Two Course 

I. Definition. 

A sheet asphalt pavement is one in which the wearing surface is composed 
of bituminoiM sand and mineral filler, bound together with an aspnaltic 
cement. It is usually laid in two courses—the top or wearing surface and 
the bottom or binder course. 

3. Thickness and Weight. 

The top course must have an average thickness after ultimate compression 
of not less than one and one-half inches (iH'O. shall not be less than one 
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and one-quarter inches nor more than two inches (2'0 thick at 

any one point, and shall have an average weight of not less than one hundred 
fifW (150) pounds per square yard. 

The bottom course shall have an average thickness after ultimate com¬ 
pression of not less than one and one-half inches shall not be less 

than one and one-quarter inches nor more than two and one-half 

inches (2H") thick at any one point, and shall have an average weight of 
not less than one hundred seventy (170) pounds per square yard. 

3. Materials Required. 

The top or wearing surface shall be preoared from bituminous sand, min¬ 
eral filler and asphaltic cement. Grade LM‘, CMh NA‘ or. 

The bottom or hinder course shall be preparc<i from trap rock, dolo¬ 
mite or.bituminous sand and asphaltic cement, Grades LM*, CM', 

NA' or.. 

These materials shall C(»miily with the requirements given in Articles 92, 
95A, 97 and 99 - 

4. Composition. 

The finished pavement must not vary in composition more than the limits 
given below: 


Screens and sieves j 


Bottom 

1 

course 

Top course 

i 

Passing | 

Retained on| 

Type of , 
opening 

Mini¬ 

mum, 

I ! 

Maxi¬ 

mum, 

% 

Mini¬ 

mum, 

cr 

Maxi¬ 

mum. 

% 

iH-in. 

i-in. 

Circular 

0 0 

2 S .0 



i-in. 

H-in. 

Circular 

40 0 

70.0 



V^-in. 

>4-in. 

Circular 

5 0 

1 20 0 



K'in. 

lo-mcsh 

Square 

00 0 

ISO 


2.0 

lo-mcsh 

30-mesh 

Square 

3 0 i 

10 0 

10 0 j 

30.0 

30-mesh 

50-mcsh 

Square 

4 0 1 

8.0 

IS O ' 

30.0 

So-mesh 

80-mesh 

Square 

4.0 

8.0 

15 0 

30.0 

80-mesh 

200-mesh 

Square 

1 30 

12,0 

12.0 

28.0 

200-mesh filler 


Square 

0.0 

5.0 

12 0 

20.0 

Total stone content—retained on 10- 





mesh. 



75 0 

90.0 

0.0 

2.0 

Bitumen content. 


4.0 

55 

10.s 

12.s 


S. Estimating Ingredients. 

The proportions of the different ingredient.s required to prepare the pave¬ 
ment shall be determined by weight. The pavement must not vary in com¬ 
position more than the specified limits given. 

The bitumen content is based upon the finished pavement, exclusive of 
any mineral or bituminous surface coating applied. The exact amount of 
mineral filler and asphaltic cement to use between the limits defined herein 
shall be determined by the Testini^ Engineer. In calculating the i>ercent- 
ages of the various sizes of ingredients of which the mineral aggregate is 
composed, the bitumen is included. The actual amount of pavi^ mixture 
used shall be estimated from the railroad shipping weights of the ingredients 
used, batches of paving mixtures prepared and used, or loads delivered and 
laid. 


Surface Type A 
7 SL. AMIESITE 
Bituminous Concrete 
Two Course 

I. Definition. 

A bituminous concrete pavement is defined as one which is composed of 
clean stone, bituminous sand and a mineral filler, bound together with 
bituminous cement. 
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2. Thickness and Weight. 

This pavement shall be laid in two (2) courses; the bottom, or binder 
course, and the top, or wearing course, in the ratio of not less than two (2) 
nor more than three (3) parts of bottom course as one (i) part of top, by 
weight. The finished pavement must be not less than two (2) nor more than 
three (3) inches thick at any point after ultimate compression, and weigh 
not less than two hundred and titty (250) pounds per square yard of surface. 
The thickness of the top course must be sufficient to completely cover the 
bottom course, and also to eliminate any inequalities in the binder surface. 
However, in no case shall it be laid over one (1) inch thick after compression. 

3. Materials Required. 

The pavement shall be prepared from the following ingredient.s: trap rock. 

dolomite or.and stone dust. Grade A, hydrated lime, and 

bituminous cement. Grade XA*. LM^. T’, C^P, or. 

These materials shall comply with the requirements therefor as defined in 
Articles 92 and 99. 

4. Co\rPosiTio>j. 

The finished pav'ement must not var>'' in comx>osition more than the limits 
given below; 


Screens and sieves 


Bott<nn cour.se ; Tup cour^^e 


, Type of 1 

i opening I Mini- 

Passing j Retained on | mum. 


Maxi¬ 

mum, 

% 


Mini- Maxi- 
nuim, mum, 


2-in. 

i-in. ' 

i-in. 

>i*in. 

Circular 

Ctnular 

40 0 

70 0 

3 .S .0 



20 0 

H-m. t 


( ircular ' 

0 0 

10 0 

40 

0 

SS 0 

k'in. 

lornc h 

Square 

3 0 

8 0 

IS 

0 

30.0 

10 

30 -mc ii 

Square 

4 0 

8 0 

8 

0 

IS 0 

30 

8o-:nesh 

Square 

.3 0 

6.0 

J 

0 

8 0 

80 

200 -me .h 

Square 

2 0 

7 0 

2 

0 

b. 0 

20 O-me*»h 

Filler 

' Square 

2.0 

6 0 ' 

4 

0 

8 u 

Total stone 
lo-raesh . 

content—retained on 

70 0 

9S 0 ! 

<’S 

0 

85.0 

Bitumen content . 


.3 0 

5 0 : 

5 

5 

1 8 « 


5. Estimating Ingredients. 

The proportions of the ditfercnt ingredients required to prepare the pave¬ 
ment shall be determined by weight. The pavement must not vary in com¬ 
position more than the specified limits given. 

The bitumen content is based upf^n the finished pavement, exclu.sive of 
any mineral or bituminous surface coating applied. The exact amount of 
mineral filler and a,phallic cement to use between the limits defined herein 
shall be determined by the Testing Engineer. In calculating the percent¬ 
ages of the various sizes of ingredients of which the mineral aggregate is 
composed, the bitumen is included. The actual amount of paving mixture 
used shall be estimated from the railroad shipping weights of the ingredients 
used, batches of paving mixture prepared and used, or loads delivered and 
laid. 

6 . Preparation. 

The quantity of ingredients used per batch in the preparation of the paving 
mixture must be accurately determined by cither weight or measurement 
depending upon the tvpc of plant and kind of material being used. In cither 
case the devices used m measuring these ingredients must be standardized 
whenever so requested, also the mancr in which these devices arc used shall 
be demonstrated and the quantity of material thus secured verified, when¬ 
ever so ordered by the Inspector or Enf^incer. The plant used in preparing 
the paving mixtures shall comply with the requirements given oelow. 

Toe mineral filler should be so cast into the mixing chamber that it is 
evenly distributed over the surface of the aggregate and not dumped in one 
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end of the mixing chamber. The asphaltic cement shotild also be added 
slowly in a thin sheet the full width of the mixing chamber. If the filler 
and asphaltic cement are not added in this manner, the time required to 
produce a uniform paving mixture will be two (2) or more minutes per batch, 
otherwise, from one (ij to one and one-half (iH) minutes will be sufficient. 

The mineral aggregate must be perfectly dry when coated and have a 
temperature of not less than 6o°F. nor more than I2S°F. The bitumen, 
when applied to the aggregate must have a temperature of not less than 
2S0‘^F. nor more than 3S0®F., and must be free from unmelted lumps. From 
three (3) to five (s) pounds of hydrated hme shall be used for each ton of 
p.iving mi.xture prepared. 

In preparing the paving mixture for both the top and bottom courses, the 
stone and sand shall fir^t be placed in the mixing chamber, after which some 
liquefier shall he added, and as soon as the aggregate is coated therewith the 
asphaltic cement shall be adried. Mnre liciuefier shall then be added and 
t'ae mixing continued until the aggregate is completely coated with the 
a .phaltic cement. The hydrated hme shall then be added, and more lique- 
lier, if necessary, to secure the proper distribution of the asphaltic cement. 
The mixing shall continue until all particles of the aggregate are completely 
and uniformly coated with the asphaltic cement. 

The paving mixture, when properly prepared, must be uniform in composi¬ 
tion, free from lumps or balls containing an excessive quantity of bitumen, 
from material containing less bitumen than that required, and not show 
ovnlence of the improper application of the liquefier. The above mixture 
shall not be laid sooner than twenty-four (24) hours nor later than fourteen 
(14) days after preparation, unless written permission is secured from the 
lingmeer to lay the same before or after these intervals. 

7. Hauling and Handling. 

^ The paving mixtures must be kept clean during hauling and handling. 
These mixtures must not be dumped any faster than they can be properly 
1 andled by the shovclers, nor at such a rate that over six (6) tons 01 paving 
mixture are ujxm the platforms at the same time. They must be spread 
immediately after being iluniped, an<l must be kept perfectly clean until 
spread. Any part of the paving mixture which becomes dirty must be 
rejected. All paving mixture must be carefully renioved from the spot 
upon which it was placed before any additional paving mixture is placed 
tncTcon. 

These paving mixtures may be dumped direct on a concrete foundation, 
but when the foundation is maca<lam or telford they shall be duniped on 
metal or wooden platforms, wdiich must l>c of such size that the paving mix¬ 
ture will not fall off when dumped thereon or work off during spreading. 
The wearing surface mixture may be dumped on the binder. However, 
each load of paving mixture must be dumped outside of the area over which it 
will be spread. 

All vehicles used in transporting paving mixtures must have tight-fitting 
bottoms which will hold hot. thin mixtures without leaking. When motor 
trucks arc used the bodies slu^uld l>c insulated for long hauls during cold 
weather so that the paving mixtures adjacent the ends and sides wdll not 
become chilled during transit. All motor trucks used for this purpose must 
h.tve dump bodies that will i>ennit the rapid unloading of the mixture. The 
inside surface of these bodies .should be oiled just before loading. However, 
only sufficient of this oil shall be used to coat the surface. No pools of oil 
must appear in the bottom of the truck. 

8. Spreading. 

(a) Bollom Course. 

The paving mixture for Ixith courses must have a temperature of not less 
than so°F. nor more than 12S°F., when dumped on the platforms or when 
spread, unless written permission is secured from the Engineer to lay the 
paving mixture when it ha.s a lower or higher temperature than that specified 
above. 

The bottom course shall be so spread upon the foundation that after being 
rolled as herein specified, it will be uniform in density and its upper surface 
will have the proper crown and be parallel to the grade established for the 
surface of the finished pavement. 

The time and manner of rolling shall be governed by the condition of the 
paving mixture. If the paving mixture contains enough liquefier to be soft 
and plastic it shall not be rolled until the bitumen has hardened sufficiently to 
give the pavement the necessary stability when properly consolidated by 
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rolling. Durinff rainy or cold weather it may require twenty-four (24) 
hours or more for the bitumen to cure after the paving mixture has been 
spread, but during hot, dry weather it may cure sufficiently in from six (6) 
to eight (8) hours. 

When properly cured the paving mixture shall be rolled. The initial roll¬ 
ing shall be continued until the desired bond between the in^edients of the 
aggregate is secured and any porous or low spots disclosed. Depressions 
made by rolling shall be filled with additional material and rerolled so that 
the surface of this bottom course will be of a uniform character and have the 
required grade and crown. 

After being spread and rolled as above specified, the bottom course must 
be protected from all travel and kept perfectly clean until the top course 
has been applied. If any part of this course shows a lack of bond, becomes 
loose or broken up. or covered with mud. it must be replaced with projK-r 
material laid in accordance with the requirements given herein. If, before 
the surface course is applied, it becomes coated or partly coated with dust, 
the part thus coated must be swept and then given a light application of bitu¬ 
minous cement Grade K. or replaced with proper material as the Engineer 
may direct. When this bituminous cement is used it must be allowed to 
cure before any surface course is applied to the Ixittom course thus coated 
If the bottom course becomes wet before it can be covered, it must be allowe<f 
to dry before the surface pavement is laid. 

(6) Top Course. 

After the bittom course has been sprea<l and rolled as above specified it 
shall be covered at once with the top course. This course shall be spread in a 
uniform layer and immediately rolled until it shows no further evidence of 
compressibility. 

9. Rolling. 

The initial and final rolling shall always be done with 10- to *l 2-ton three- 
wh^l power-driven roller, or a 12- to is-ton tandem roller. During the 
initial rolling the roller shall travel parallel to the axis of the ixivemcnt, 
beginning at each edge and working towards the center. 

Subsequent rolling shall be both diagonal and ixirallcl to the axis of the 
pavement. The rolling shall be continuous at the rate of not more than one 
hundred fifty (150) smiare yards of surfa.ee pt;r hour for each roller. The 
roller must not pass on the paving mixture during rolling and the wheels of 
the same must be kept clean and oile<l at all times. No water shall be applied 
to the wheels of the roller. Ashes, coal, dirty w'ater or grease must not be 
allowed to drop from the roller onto the pavement. 

If porous spots or spots showing compression remain after rolling, more of 
the top course must be added at such iKunts and firmly rolled into place. 
After rolling has been finished the surface of the top course must have the 
required crown, density and thickness and lie at the grade established for 
the surface of the finished pavement. The surface shall then be covered 
with a thin coating of clean, coarse sand or stone dust, using about five (s) 
pounds per square yard. After this coaling has lx.‘cn applied, the part of 
the pavement thus covered must be open to travel. 

The faces of the curbs, gutters, iron castings anti other objects in the pav'c- 
mrat shall be painted with bituminous cement (»rade K tH.’fore the alxive 
mixture is placed against them. The adjacent pa\dng mixture shall be com¬ 
pressed by tamping when it is impossible to properly compress it by rolling. 

10. Surface Finish. 

The surface of the finished pavement must be even, uniform, free from 
bumps, waves or depres,5ions that are more than onc-quarter (j^i) of an inch 
below or above the general surface of the pavement as determined by a straight 
edge not less than five (5) feet in length, laid parallel to the axis ol the pave¬ 
ment. It must be uniform in density and comjio.sition. thoroughly bonded 
together, water-tight and have the grade and crown specified or shown on 
plans. The paving mixture mu.st be .w spread, rakc<l and rolled that the 
pavement sunace will be free from porous or rough spots. When such spot.s 
appear in the surface they must be repaired in a manner satisfactory to the 
Engineer or cut out and replaced with material prepared and laid as herein 
specified. 

Portions of the completed pavement which arc defective in finish, com¬ 
pression or composition, or which do not comply in all respects with the 
requirements of these specifications, at the Contractor’s expense shall be 
removed^ and replaced with material prepared and laid in accordance with 
the requirements therefor as given herein. 
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11. Foundation, Condition OF. 

The foundation, when a bituminous pavement is applied thereon, must be 
dry, clean, free from all frost, and have a temperature above 32®F. at the 
point where the paving mixture is being laid. It must substantially conform 
to the grade and crown specified, and comply with the requirements given for 
the type of foundation being used. When a foundation is in the proper 
condition to receive a paving mixture it must be protected from all travel 
that will injure, deface or carry foreign material ujwn it. 

12 . Edge Protectors. 

When the edges of pavements are not protected by a concrete or stone 
curb or header, four (4) to six (6) inch planks of the same thickness as the 
finished pavement must be used for this purpose, which shall be firmly 
secured and left in place until the pavement has been properly rolled and 
thoroughly set. 

13. CoNSTRT'CTrON SEASON. 

The pavement shall be laid between the first day of May and the first day 
of December, unless written permission is secured from the Department to 
lay pjivcment at any other time. No pavement shall l>c laid when it is 
raining or when the atmospheric temperature is beltiw 32®F., or when the 
weather is such as to make it very difficult to lay the paving mixture in a 
manner winch will permit the proper density and surface finish being secured. 

14. Workmen. 

The workmen employed by the Contractor must have sufficient experi¬ 
ence in the preparation of bituminous paving mixtures and the construction 
of bituminous pavements to be able to operate the equipment in such a 
manner that the pavement produced will have the required composition, 
density and surface finish. The men operating the mixing plant, the spread¬ 
ers, rakers, and roller men must show by the work completed that they have 
had ^he necessiiry exi>eriencc and are making the proper effort to execute the 
work in the manner required by these specifications. Otherwise, their ser¬ 
vices will have to be disf>cnsed with by the Contractor. 

15. Plant and Fajuipment. 

The plant ir^cd in preparing the bituminous paving mixtures must be of 
the htitch type, capafilc of mixing in the manner herein spiecified, not less 
tlian ten (10) tons of the paving mixture cacli mixer i>er hour, and must be 
provided with separate chambers for drying and mixing the ingredients. 
No direct heat e.xcciit steam shall be app ied to the exterior surface of the 
mixing chamber. The aggregate, when drying is retiuircd, shall be heated 
in revolving kilns. The heat mu.st be so regulated that the aggregate can 
easily be heated to, and maintained at, the required temperature. 

All mixing plants must be equipped with a twin-pug mixer, rotary screen, 
storage bins, hopper and scales. The screen must contain the size opening 
necessary to produce a paving mixture of the composition specified. 

The mixer must be capable of holding and properly mixing at least a i<wo- 
Ib. batch of paving mixture. Each plant, regardless of the type of mixer 
used, must have at least two asyihalt kettles holding npt less than six hundred 
(600) g.allons eacli, and an asphalt thermometer for use therewith. The heat 
must be applied to these kettles in such a manner that the asphaltic cement 
will be uniformly heated without being burnt or decomposed. 

The asphalt carrier used to measure and apply the asphaltic cement must 
be balanced upon a set of s^les. It shall be so arranged that the asphaltic 
cement can be easily nn<l quickly weighed an<l poured in a thin sheet between 
the two lines of paddles and for the full width of the mixer. 

When a .squeegee distributor is required to be used it must be designed for 
this particular purpose. All equipment and methods used in the prepiaration 
and construction of the pavement must be approved by the Engineer before 
being used on this contract. 

16 . Field Laboratory. 

The Contractor shall provide and keep in good order at the plant the follow 
ing testing equipment which may be used by the Engineer or Inspector. 

I Penetration Machine complete with Dishes, Thermometer, Needles, 
Stop Watch, etc. 

1 Laboratory Sand Scale 500-^. capacity. 

1 Set 6- to 8-in. Sieves, containing the following: Sizes 10, ao, 30, 40, 50, 
80, and 200 meshes, with bottom imn and cover. 

I Set 6- to 8-in Screens, i>i, i. H and yi in. 

a 6-in. Pointed Trowels. 
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2 6- to 8-in. Steel Spatulas. 

2 Brui>hes. 

2 Or more Inspectors' Armor Asphalt Thermometers. 

I Roll Pat Test Paper. 

The above equipment must be of standard type and approved by th? 
Testing Engineer. The Contractor shall also provide a field laboratory in 
which to house and use the above equipment, said laboratory to be not less 
than ten (lo) feet wide, twelve (u) feet long and seven (7) feet high, floored, 
contain not less than two window-. an<l work benehwith the necessary draw¬ 
ers; this laboratory to be used c.Kclusivcly for testing purpose.s by the C'on- 
trator, Engineer or Inspector. 


Item* siA. Cement-concrete Pavement (1:2:4^; Item 5*8 
Cement concrete Pavement • 1 : 2 : 3' j Mix); Item 51C 
Cement-concrete Pavement Mix,' 

Item 5*A, 51B, 5*C and 5*D« Cement Concrete Pavement 

The general specifications are hereby modified in that 

Page 114-115. Forms shall be rounded on the toj) taco to not nu>re than 
?4 of an inch ra<liiis. 

Page 118. Where screeding is/ii^p(•nsed with, the ninforcement shall 
be supported on approved metal supports. 

Page 118. Channel for protecting joints shall be conslrutled of metal 

inch in thickness. 

Page 121. Straw will n<>t be permitted for cover. 

Page 121. Sprinkling sliall be done with an approved ni>7.zle. 

Page 121. W hen the pijn* line necessary f(.r < oiu tt ling .ind curing opera¬ 
tions is two miles or less in Itngih, a pij>o at hast nuhes m diameter 
shall be used. Wlien the pipe line is more t! an two miles in length, the 
additional pipe shall l»€ at ha ,t three inches in <luinul('r and shall be placed 
adjacent to the source of water supply. 

Page 121, Paragraph C. Tlie combined wt igh.t (*1 vci.Hh' and load shall 
not exceed 10 tuns. The t<>tal weig’nt of any c->n'bined hauling trmk. 
semi-trailer and load shall not c-xecod i4*.j tons. '1 lie h>ad on anv one trade: 
wheel shall not exceed t ut-.. All .sueh veha h •- and traih'rs shall be fullv 
equipped with approved jmt unuilt-- (jT cushion lues. Solid rubber tires wiW 
not lj€ permittod. Only cu .bum tirc.s having a ho'b;w section or air core- 
running throughout their entire length will be consideied. 

Work.— Un ler this Item t.;e < ot;ira-tor shall coiistrii't .1 concrete pavement 
upon a properly prepared fme gr.i-le tonfr>rnung to the lines, grades, and typi¬ 
cal sections shown on the plan, or ordered by the engineer. 

Material. —The concrete pavement shall consist of a mixture of Portlaml 
cement, fine and coarse aggregate, measured separately (luAvovcr. screened 
gravel or broken slag cannot l>e usc^l as coarse aggregate unless it is so nutc<l 
on the plans or in the itemizc<l ^iroposal). 

All material user! under this item, such as Pf)rllanf! eeincnt, fine and coarse 
aggregate, w itcr. joint fillers, etc., shall meet the requirements given in th • 
Detail Spcv ifications—Materiahs of Construction. 

Forms.— The forms for this work shall he made of metal ni a minimum 
length for 10' for tangents and for curves of a radius of 150' aiul more; f< r 
curves of radius less than 150' wr>oden side forms of 2" well-seasone«l surface 
planks or steel side forms s' in length shall i)c used. These forms shall be 
of a depth equal to the depth of the C( ncTctc and .steel forms shall have, a 
minimum wulth of 4" on the base. The material uscfl in manufacturing 
metal side forms shall l>c at least No. to gage and a 6" side form shall weigh 
at least lb. per linear foot, including the fastening. 

All forms shall I>c of approvcfl se« tion with a vertical face rounded on 
the upper corner to not more than radius. Forms shall have a joint 
connection to insure unbroken lines across the joint. 

All forms must be straight, free from licnd.n and warps at all time.s, and 
shall be cleaned thonnighly and oiled Iniforc concrete i<; placed against them, 
this cleaning and oiling l.»eing repeated dally as the forms arc movc<l ahcarl. 
The forms shall rest firmly upon the thorougnly compac ted subgradc through¬ 
out their entire length, shall Ins joined neatly and tightly and staked securely 
to line and grarle at least 300' in arlvance of the point of placing concrete by 
using at least three bracing pins or stakes to each 10' length side form, so 
* New York. 
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that they will resist the pressure of the concrete and the impact of the tamper 
without springing. 

Handling Material. —At no times shall aggregates be piled upon the sub¬ 
grade except that stock piles may be located at central point on planks or 
sheet plates on the subgrade not less than 1200^ apart. At all times at 
least soo' of subgrade in advance of the mixer shall be prepared and kept. 
free from all aggregates. When stock piles are located at loading plants or at 
other flistributing points, the materials sliall be piled on space that has been 
properly j^repared and the piles shall be of such shape and size that materials 
may he stored and handled without beconung thrty or mixed with foreign 
sustances. ('enient shall be emptied directly from tiie shipping package into 
the cliarging skij) of the mixer, or it may be tran‘'ported to the mixer, emptied 
from bags if c(j\ercd by the sand or stone required for each separate batch, 
provi led t'lO am'rcgates are sufliciently dry to prevent any setting action of 
the lemc'nt during, tran.s])ortation to the mixer, and provuled further that the 
tnuk hi illy u^eil to tr.msport the batches is equipped with a waterproof 
t,.rp.iulin b ’• piotection from sudden rain. 

Measuring Devices.— Wheelbarrow’s will not be permitted for measuring 
ai’gregate>, when llio aggregates are transported by industrial railway or 
ileh\ er»‘d I i llie mixer in trucks, wagon, or carts, they shall be contained in 
h.ite 1 boxes of tl'.c volu'r.es required by the engineer. Subdiv'ided batch 
boxes s’.all be approved by tiie engineer before they may be used. All 
materials rr.easurcMl m batch boxes, cars, trucks, carts, or other containers 
arc to iic .struck ofT at tl.e point of loading. If batch boxes are used, which 
are n >t ‘mbdivided to give the exact volumes of each of the aggregates, the 
materials shall be nicas ircd, separately an<l acimrately, by ap])roved means 
before being placed in these batch boxes. Forks sheil be used when handling 
coarse aggiii.uites from the ground. The mi.xcr shall be equipped wuth a 
timing device which will automatically lock the discharge lever during the 
full time of mi.xing and rclcM.se it at the end of the mixing period. During 
tVie prognois of tlie work, should the timing device become broken, or out 
of order, the contractor will be permitted to operate while same is being 
tircpan'd, providcil each batch is mixed 1 K’ nun. and provided repairs are 
made iirompt’y. The mi.xer shall be equipi>ed with an accurate automatic 
water-measuring device. No nixing will be permitted W'hen valves are 
leaking or oth.crwise out of order. When bulk cement is used, the cement 
must l>e pr. qv rtiuncd by weight. No volumelnc proportioning of cement 
will be permitted. 

Composition.- -Under Item 51A the concrete shall be composed of r part 
<>{ rortland cement, 2 parts of fine, and 4 parts of coarse aggregate measured 
separately. 

Under Item .sill the concrete shall be comp.^sed cT i part of Portland 
cement, 2 narts of fmc. and jbj p.irts of coarse aggregate measured separately. 

Under item the concrete shall be composed of i part of Porllaml 

cement, ill* part.s of fine, and j parts of coarse aggregate measured 
separately. 

The proportions of coarse aggregate, only, may be varied by the engineer, 
V)ut the total amount of coarse aggregate shall not be varied by more than 
from the amount indicated. 

Consistency. When the pavement is finished by hand, suflicient water 
shall be used in mixing to iiroduce a concrete w'hich will quake when deposited 
in place, but not enough to cause it to flow. 

When the pavement is machine finished only sufficient water shall be 
used so that when the concrete is dumped on the subgrade it will cone up 
and quake. Tlic quantity of the w'atcr shall be determined by the engineer 
and shall not be varied without his consent. 

Mixing Conditions. —No concrete shall l>c mixed while the air temperature 
is at or Tower than 40*^1^. and no materials containing frost shall l>e used. 
Cement or fine aggregates containing lumps or crusts of hardened materials 
shall not be used. The concrete shall l>e mixed only in such quantity as is 
required fi^r immc<liatc use, and any which has developed initial set or has 
l>ecn mixed longer than 4^ min. shall not be used. No concrete is to be 
placed on a frozen suherade. 

Mixing Concrete. —All equipment necessary for the laying of pavement 
must be on hand and mu.st be inspected and approved l>cfore concreting 
operations are begun by the contractor. Concrete shall be mixed thoroughly 
in a batch mixer of on approved type and capacity for a period of not less 
than 1 min. after all material is in the drum, and during this period the 
drum shall make not less than 12 nor more than 18 r.p.m. 
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The entire contents shall be removed from the drum before materials are 
placed therein for the succeeding batch. The mixer shall be equipped with 
an approved boom and bucket discharging device. 

Placing Concrete. —Before any concrete may be placed, each section of 
the sub^-ade must be checked with a standard subgrade tester" and 
approved, this operation being continued as the work progresses, a standard 
“subgrade tester" l)eing kept in place on the forms at the discharge end of 
the mixer at all times. Loose, dry material shall be thoroughly tamped 
into the subgrade and all soft or objectionable material be removed from the 
subgrade before any concrete is placed. Concrete shall be placed only on a 
moist subgrade. If the subgrade is dry it shall be sprinkled with as much 
water as will be absorbed readily. Where the pavement is to be laid adjacent 
to railway tracks or around structures, concrete shall not be placed until the 
tracks and structures have been set to the required grade and alignment in 
advance, and all structures which project through the pavement shall be 
cleaned thoroughly to permit adhesion of the concrete. 

During placing of the concrete pavement, a roller, weighing not less than 
5 tons, shall be maintained in readiness to rcroll the fine grade if the surface 
for any reason has become vineven or defective. 

The concrete shall be laid on not more than one-half of the width of pave¬ 
ment at one time. An interval of at least 7 days shall elapse between placing 
parallel adjacent slabs of pavement. All edges shall be protected by plank¬ 
ing or other approved method where traffic is permitted prior to completion 
of the full pavement width. 

The concrete shall be deposited on the subgradc in sucecssiv'e batches, 
directly from the mixer, by means of an approved boom and bucket discharg¬ 
ing device. Concrete shall be distributed to the required depth and for the 
entire width of the slab by shoveling or any approved method which will 
preserve the integrity of the mixture. However, in no case shall rakes be 
used for distributing concrete. Concrete shall be thoroughly spaded along 
all joints and on the inside of forms. 

Where the pavement is reinforced, the reinforcement shall be securely 
held in place to insure its being in the prescril)ed position after the cemcrete 
has been poured. The concrete shall Ije struck off by means of a template, 
to the required depth l>elow the surface of the finished pavement l)cfore the 
reinforcement is placed, except that screeding may be dispensed with 
provided the reinforcement is field in its prescribed position by any other 
method acceptable to the Deputy Commissioner. 

Forming Joints.—Jmnts shall be formed whore shown on plans or as 
directed by the engineer. They shall l>e perpendicular to the surface of the 
pavement for the lull depth of the section and extend in a straight line. 

Expansion joints may Ite of either the permolded or poured type, meeting 
remiirements of the Detail Specifications—Materials n( Construction. 

Pins for staking joints and bulkheads shall l->c steel 12" long and shall 
be left in place in the pavement. 

Bulkheads shall conform to the section of the pavement, shall be H" 
steel, shall be cleaned each time used. <ind shall be straight and smooth. 

Premoldcd transverse joints shall be in thickness and shall extend Vi" 
above the surface of the pavement. 

Prcmolded longitudinal joints shall be flush with the true surface of the 
pavement and shall be the thickness shown on the plans. 

Transverse expansion joints shall be Vi'' in thickness, normal to the center 
line of pavement, and in a straight line across the full width of the pavement. 
These joints shall be spaced 40' apart, unless otherwise shown on the plans, 
and shall also be formed whenever it is necessary to stop concreting. If, 
due to any emergency, concreting must be stopped within 10' after forming 
a transverse joint, the contractor shall remove the concrete to the joint 
previously formed and no payment will be made for placing or removing. 

The concrete along all joints shall be carefully compacted and finished to 
a true surface, a split float being used for transverse joints. All joints shall 
be tested with a 10' straight-edge or template immediately after forming and 
any variation from the true surifacc shall he immediately corrected. Joints 
shall be open on the edges for their entire depth upon the removal of the 
forms. 

Where the pavement is constructed continuously across a bridge or culvert 
whose floor is below grade, transverse joints shall oc formed at such distance 
from the abutment as to insure a bearing at the ends of the slab of not loss 
than five feet beyond the limits of the backfill area. 
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Where the pavement joins a bridge or culvert, whose floor is at grade, 
transverse joints shall be formed at the back of each abutment and also at 
such distance from the abutment as to give a bearing at the end of the slab 
of not less than five feet beyond the limit of the backfill area. 

Premolded transverse joints shall be formed by staking a bulkhead 
securely in place by means of a row of pins driven on each side, 2' apart and 
2" below tne surface of the pavement alongside of which the premolded 
joint shall be placed and securely staked by one row of pins driven 2' apart 
and 2" below the surface of the pavement. When the concrete has been 
placed on both sides of the bulkhead and struck off true to the surface, the 
bulkhead shall be carefully removed. 

Poured joints shall be formed by staking a temporary joint, of a type 
approved by the Deputy Commissioner, securely in place by means of a row 
of pins driv'en on each side 2^ apart and 2" below the surface of the pavement. 
These temporary joints shall be left in place until ready to pour the joint. 

Finishing Concrete.—Competent concrete finishers shall be employed at 
all times. The surface of the concrete shall be struck off by means of two 
screeds ii.e., a steel template or steel-shod wooden template) at least 6'' 
jn width welching no less than 15 lb. per linear foot. The templates shall 
be at least 2* loni'cr than the width of the pavement slab, shall be shaped 
to the surface of the pavement and have sufficient strength to retain their 
shape under all working conditions. The first screed shall be used as a 
c'Ombination tamp and screed, sufficient tamping to be done to thoroughly 
compact the entire mass of the concrete and the screed carried back and 
moved forward with a longitudinal and crosswise movement. The screed 
shall not be lifted from the form during the screedmg process. Concrete 
shall pile up in front of each screed, during the screedmg process, for its 
full length at all times. 

The second screc<ling .shall follow in close succession to the first, care being 
taken to keep the screed l>caring directly on the side forms at all times and to 
secure a smooth and even surface. 

After the scrccding has been completed the concrete shall be finished by 
using a belt of wood or canvas not less than 10 nor more than 12" in width. 
These belts shall not be less than 2' longer than the width of the pavement. 
The Ixilts shall be worked with a longitudinal and crosswise motion, care 
being taken not to permit the edges to dig in the surface of the concrete or to 
work the crown out of the pavement. 

Helting shall be repeated until all surplus water is removed from the 
surface. 

When an approved finishing machine is used, an experienced operator, 
satisfactory to the engmeer, must, at all times, be in cb.arge of the machine 
and a complete hand-nnishing outfit must l>e provided in case of breakdown. 

Necessary hand finishing of j<.»ints and surface irregularities sh.all be done, 
with a wooden float, from a bridge which shall not rest on the concrete at 
any point. All ends and edges of the concrete slab shall be rounded with an 
approved edging tool, to a radius of approximately 

The surface of the pavement shall be tcste<i, immediately after finishing, 
with the standard 10^ straight-edge laid parallel with the center line of the 
pavement and any irregularity exceeding >4" shall be immediately corrected 
to the satisfaction of the engineer. 

After the pavement has been completed the surface shall be given a 
broom finish, the broom being drawn across the surface in not more than 
one .stroke per width of broom. 

Premolded transverse joints shall be trimmed, with an approved tool, 
before cover coat is applied and any irregularity m the adjacent pavement 
shall be immediately corrected in a manner satisfactory to the engineer. 

Forms shall not l>c removed until the day after the concrete is placed. 

Protection of Concrete.—Vehicular traffic shall be excluded from the 
concrete by the erection and maintenance of substantial barricades, for a 
period of at least 21 days after laying, or longer if so desired. 

When ordered by the engineer, temporary crossovers, consisting of a 
4'' layer of suitable soil free from stone Iwid a 3" plank roadway 16' wide 
securely held in place, shall he constructed at all street and road intersections 
to accommodate traffic. The concrete shall be protected as follows; 

а. During threatening weather the concrete shall be protected with canvas 
as soon as it is finished. Sufficient canvas to cover aoo lin. ft. of pavement, 
slab shall be provided and available for immediate use. 

б. The concrete shall bo protected with two l^ers of burlap laid directly 
on the pavement as soon as it has hardened sufficiently so that the burlap 
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will not adhere. The strips shall ov'erlap not less than 6 " and burlap must 
be thoroughly wet when placed, and kept wet by spraying until covering can 
be placed. Sufficient burlap to cover at least the pavement laid in a single 
day mu:>t be provided. The burlap shall be kept wet until removed. 

Immediately after the burlap is reinoveil the entire surface of the pavement 
including edges and sides, shall be wetted thoroughly and covered with hay, 
straw, or other approv’ed rnateri il of a like nature to a depth of not less than 
6", which covering shall be kept wet by sprinkling with water for at hast 
10 days. The covering material shall remain on the pavement fora period 
of i8 days or. under favorable coiulitions, for a shorter perioil as directeil 
by the engineer, after which tlic covering shall be removed, the piavemcnt 
swept clean, and the concrete alloived to cure for 3 days more before tne 
roadway may be opened to traffic. 

The ponding method may be used, in which case the contractor must keci) 
the surface flooded by at Ica .t 2" of water for a period of 10 d.iys. 

c. The general spcciticalions, par. C, are hereby inotlr'icd in that the 
combined weight uf vclucle and load shall imt bo more ih m 10 tons ami 
that the total weight of any combined liauhug truck. scTuitrailer, ami load 
shall not exceed 14)^2 tons and the load on any «>iic trailer \vheel shall not 
exceed 2^ tons. 

All such vehicles and trailers shall Ijc fully equipped with approved pneu¬ 
matic or cushion tires. Solid rubber tires will not be per;m:to 1 . Only 
cushion tires having a hollow section or air core running throughout their 
entire length will be considered. 

d. During cold weather, concrete shall l>e protected with a canvas cover, 
supported alx^ve the surf.ee I'f the pavement on approved fra.mos, so that 
the canvas will not rest upon the surface of the concrete. When t''.e eoncrcto 
has hardened sufflcioiitly, the canvas cover .in«l frame shall lx: removed and 
the surface of the pavement shall be covered with straw or (Hher approve<i 
material to a depth 01 not less th.an (/'. It shall remain in place not less 
than 3 days, after which it may be removed and other I 'lver material applierl. 

In cold weather or wh.cn rcaiuired or approved, other metliod.s of curing 
and protection may be uscfl. .Xny com rcte laid during cohl weath.er is 
done at the contractor's ri .k ami damag.e<l sections of concrete must be 
removed and replaced hy him at his own expense. 

Se^ng Joints and Maintenance of Cracks.- -All expansion and construc¬ 
tion joints and all cracks squill he sealed before the i>avetncnt is open to traffic 
and just prior to discontinuing operation when the work is susp<*mied 
during the winter anil just previous to atcejitauce. Th.e joints and (.racks 
shall be cleaned thoroughly, and, when they are dry, hot. bituminous mat(‘rial 
shall be poured into them, care Ixung exercised to pn*vent th.e bitumiiujus 
material from spreading over th.e surface of the pavetnent for a wudth of 
more than i*' on either side of the joint. The bituminous material shall 
then be covered with coarse, dry sand. This bituminous material shall meet 
the requirements of the spccification3 for Bituminous Material, A, penetra¬ 
tion method. 

Measurement and Payment.—The quantity to lx? paid for under this 
item shall l>c computed by multiplying the cross-section of concrete pave¬ 
ment, as shown on the plans or ordered by the engineer, bv th.e total length 
of pavement measured along the axis of the i>avtment, making no deuluctions 
for catch basins and manholes. 

The Bureau may take cores from the finished concrete pavement previous 
to acceptance in order to detennine its quality and thickness. 

This work will be paid for at the contract unit price per cubic yard for 
cement-concrete pavement under whi* h the contractor shall furnish and 
place all materials (except Portland cement and inclal reinforcement) neces¬ 
sary to complete the concrete pavement. The price bifl shall cover the 
mixing, placing, scrccding, finishing, and curing of the concrete, furnishing 
and placing of forms, expansion joints, crossovers, material for filling cracks, 
etc., and alt other l.abor, material, anti appliances necessary to secure u 
perfect concrete pavement, 

NEW YORK STATE SPECIFICATIONS 
Item 60—Asphalt Block Pavement.—Approved Trap Rock 
Item 6oA—Asphalt Block Pavement.—Approved Limestone 

60.1, Wotk.—Under this item the Contractor shall furnish and place 
upon a properly prepared foundation asphalt block of the quality specified 
wnere shown upon the plans or ordered by the Engineer. This pavement 
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shall be placed upon the old macadam, old concrete pavement, new concrete 
foundation or on other foundations as ordered by the Engineer and shown 
upon the plans. 

60.2. Material.—The blocks shall be s" in width, by iz" in lenrth, by 2" 
in depth, and a variation of more than >4" in length or in width or depth 
from these dimensions will be sudicient ground for rejecting any block. 

60.3 The blocks shall consist of the following materials: 

Asphaltic cement. 

Approved crushed trap rock (item 60I, or approved crushed limestone 
(item 6oAf. 

Inorganic dust. 

The asphaltic cement shall hav^e the following characteristics: 

1. It shall be free from water. 

2. The various hydrocarbons composing it shall be present in a homoge¬ 
neous solution. 

3. It shall have a specific gravity at 77®^. of not less than o.gg. 

4. It shall have a penetration (77®E., 100 g., 5 sec.) of not less than 15 nor 
more than 25. 

5. It shall have an evaporation loss of less than 2 per cent. The penetra¬ 
tion ( 77 °F., ioo g., S sec.) of this residue shall be at least so^o of the original 
Ijcnetration. 

6. Its solubility at air temperature in carbon disulphide, for the following 

named products, shall be at least for pure bitumen products, 95.0% 

for Bermudez products. 81.0 Vo for Cuban products and 66.0% for Trinidad 
products. 

7. The solubility of the bitumen, at air tcmj>erature, in 76®B. paraffin 
[letroleum naphtha distilling between 140®!*'. ami 190°!'. shall be between 65 
and 80 ‘i. 

8. The bitumen, shall show between 8 and 18 % fixed carbon. 

9. It shall show an open flash not less than 375'®F- 

10. It shall not contain more than 4.7 % paraffin scale. 

11. It shall show a toughness at 32®F. not less than 10 cm. Toughness is 
determined by breaking a cylinder of the material 1^4" in diameter by 1^4" 
in height in a Page impact machine (A. S. T. M., 190S). The first drop of 
the hammer being from a height of s cm. and each succeeding blow increased 
by s cm. 

12. It shall have a ductility at 77®F.. of not less than 8 cm. (Dow mold). 

13. All asphaltic cement will be sampled by an Engineer of the Depart¬ 
ment of Highways and samples sent to the Bureau of Tests, Albany, N. Y. 

The crushed rock for coarse aggregate used in the blocks shall be crushed 
from clean hard rock and shall not contain any soft ingredients. It must be 
crushed so that every particle will pass a screen of V^-in. mesh. 

The inorganic dust, or filler, shall be pro<luced from sound limestone, and 
shall be iKJwdercd to such a fineness that all of it shall pass a 30-mesh sieve 
and not less than S0‘'o of it shall pass a 200-mcsh siev'e. Sufficient inorganic 
dust shall be used to give a minimum percentage of voids in the block, and 
provide a sufficient medium for absorbing the asphalt cement. 

60.4. Block Composition.—The block composition shall yield not less 
than 8, nor more than iiVo of bitumen, when extracted with carbon disul¬ 
phide. 

The mineral aggregate of the blocks shah meet the following mesh analyses: 


Passing No. 200 sieve at least, %. 18.0 

Pas.sing No. 80 sieve, retained on No. 200 sieve, %. 12 to 18 

Pa.ssing No. 40 sieve, retained on No’. 80 sieve, %. 8 to 14 

Passing No. 20 sieve, retained on No. 40 sieve, %. 8 to 16 

Passing No. 10 sieve, retained on No. 20 sieve, % . 15 to 20 

Passing yi~in. sieve, %.. too 


The use of dust coated .screenings will be cause for rejection. The blocks 
shall receive a compression in the moulds of not less than 200 tons. 

The blocks shall have a specific gravity of not less than 2.4s for trap blocks, 
[Item 601; or not less than 2.30 for approved limestone blocks, [Item boA). 

After having been dried for 24 hours at a temperature of iso®P., the blocks 
shall not absorb more than 0.75 % of moisture when immersed in water for 7 
days. 

The average penetration of a block shall not exceed when tested for i 
mjn, at a temperature of ioo®F. with a cyliner > 4 " in diameter loaded with 
147 lb 
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60.5. Method.—Upon the foundation shall be spread a bed of the thick* 
ness shown upon the plans, composed of i part portland cement and 4 parts 
sand, thoroughly mixed with sulheient water to make a stiff paste. 

This mortar bed shall be struck with a template to a true surface, exactly 
parallel to the top of the proposed pavement surface and 2" below it. 

The blocks shall be laid while the mortar is fresh and before it has begun to 
harden. All depressions and other irregularities in the surface shall bo 
corrected by the Contractor immediately. 

The blocks shall be laid by the pavers standing upon the blocks already 
laid and not upon the bed of mortar. 

The blocks shall be laid at right angles with the line of the street, and in 
such a manner that all longitudinal joints shall be broken by a lap of approxi¬ 
mately four inches. The blocks shall be so laid as to make the lateral joints 
as tight as possible, consistent with keeping a gofxl alignment of the courses 
across the street. When thus laid the blocks shall be immediately covered 
with clean, fine sand, perfectly dry, and .screened through a ^s'in. screen. 
This sand shall be spread over the surface and swept into the joints and be 
allowed to remain on the pavement not less than 30 days, or until the action 
of the traffic on the street shall have thoroughly ground the sand into all 
the joints. 

On grades, curves or elsewhere as shown on the plans or as ordered by the 
Engineer, blocks containing an imbedded anchor of iron or steel of an approved 
shape shall be furnished. Steel strips, wide, thick and from 2 to 

^ long may be set on edge between courses as a substitute for anchor blocks. 
Tfiese anchor blocks or steel strips are to be laid in such courses and at such 
intervals as shown on plans or as directed by the Engineer. Payment for 
imbedded metal in anchor blocks or for steel strips will be made under the 
item “ .MrscELLANKoi.'s Iron and Stkel.” 

60.6. The materials incorporated into blocks shall be approved by the 
Engineer, and samples of all materials shall be sent to the Bureau of Tests 
and they shall pass the tests required by this Bureau for these materials. 

60.7. The methods of work and materials used shall at all times be subject 
to the inspection and supervision of the Engineer or his representative upon 
the work. 

60.8. Measurement and Payment.—The quantity to \>e paid for under this 
item shall be the number of square yards nf asphalt block laid in accordance 
with the plans or as directed by the Engineer. The price bid shall cover the 
furnishing and placing of all m.itcrials. (except Portland Cemt-NT), mortar 
bed, and all labor and incidental expenses necessary to complete the work. 
Where placed upon old concrete found.ation or upon old macadam the prep¬ 
aration of the foundation to receive the mortar bed will be paid for under 
item "Cleani.sg Existing Pave-ment" or item "Scarifying and Reshap¬ 
ing Old Macadam." 

47.14. Measurement and Payment.—The quantity to be paid for under 
this item shall be the number of cubic yards of concrete foundation and 
edging for pavement incori>oratcd in the work in accordance with the 
plans or as directed by the Engineer. 

The price bid shall cover the furnishing and placing of all forms and 
materials, (except Portland cement) all mixing, tamping, finishing and all 
labor, appliances, and incidental expenses necessary to complete the work. 
The amount to be estimate<l shall be computed by multiplying the cro.ss- 
section of concrete foundation and edging as shown upon the plans or ordered 
by the Engineer by the total length of concrete foundation and edging meas¬ 
ured along the axis of the pavement, making no deductions for catch basins 
and manholes. 


Item 61 — Brick Pavement.—Type i 
Item 61A— Brick Pavement.—Type a 

61.1. Work.—Under thi.s item the Contractor shall furnish and place 
the number of sr^uarc yards of brick pavement required in accordance with 
the plans or as ordered by the Engineer, The item will cover the furnishing 
and placing of all the brick, cushion, grout, expansion joints and all material, 
labor and other expenses incidental thereto but will not cover the concrete 
foundation, edging, curbing, manholes, catch basins, etc., which will be paid 
for under the especially designatcq items therefor. 

61.2. Material.—All bricks or blocks used must be annealed and especially 
burned for street paving and of the verv best quality at regards hardness, 
dimensions. toughneM, straight lines and non-absorption of water. 
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All brick must be neatly piled outside of the neat lines of pavement and the 
dumping of brick will not be allowed. 

61^. The paving bricks shall be subjected to abrasion tests conducted by 
the Commission in the manner and with rattlers of the type adopted Febru¬ 
ary 7, 1911. by the National Paving Brick Manufacturers Assocation. One 
sample of bricks shall be taken and tested for every two hundred thousand 
(200.000) bricks and less than this when conditions warrant. An average 
loss in weight in a rattler test exceeding twenty-four (24) per centum, or an 
average absorption of three and one-half (3^) per centum of water shall cause 
the rejection-of the total quantity that the test represents, provided, however, 
that if permitted the bricks may be carefully reculled, and new samples 
taken and tested. If this second test passes the requirements, the bricks 
represented by it may be used. If this second test fails, no further test 
shall be permitted but the entire lot shall be rejected. To insure the furn¬ 
ishing ot bricks of uniformly acceptable quality, if any “brand” of brick of 
which three lots, each of ten thousand (10.000) bricks or more, offered con¬ 
secutively for acceptance tests, fail to meet the requirements for this section 
without reculling them, then this brand shall be rejected. 

All the above tests wdll be made by the Bureau of Tests of the State Com¬ 
mission of Highways. 

61.4. On grades of 5 per cent or over an approved special form of block 
suitable for steep grades shall be used. 

615. The size of the brick shall be in width by 4" in depth by 
in length, unless otherwise shown on plans, and shall not vary from the 
dimensions specified more than in width or more than >h" in depth nor 
more than in length. Bricks of a given brand shall not vary among 
themselves more than in depth nor more than in width nor more than 
in length in any one shipment. If the edges are rounded the radius 
shall not be greater than ^4 of an inch. One side shall contain lugs of such 
dimensions that transverse joints will not be less than a of an inch nor more 
than ^4" in width. Each end shall contain a semi-circular groove of ^s- to 
yi*' radius, or a bulge of at least The grooves shall be horizontal, 

and shall match perfectly when the bricks are laid in the finished pavement. 
Bricks in any course shall not vary in width by more than 

61.6. Not less than 10 days after the concrete foundation has been com¬ 
pleted, there shall be laid a bed of cle.m Cushion Sand as described under 
“ Materials of Construction.” which sh.ill be i" thick after being rolled with 
a roller weighing 150 lb. per foot of width. Before being rolled this bed of 
sand shall be brought to the proper elevation and crown as shown on the 
plans by a template of a shape and size satisfactory to the Engineer. After 
bein^ rolled all irregularities of the surface shall l>e eliminated and the sand 
cushion shall be brought to the exact form and section by the use of lutes or 
hand templates. 

61.7. Premouldcd longitudinal expansion joints shall be placed alongside 
each curb or edging, and shall conform strictly to the requirements given 
under “Materials of CoNSTRUcrioN." 

These joints must extend to the depth of the brick. .No transverse 
joints shall be allowed. The material should be made into strips of .suitable 
length and of the required tlepth and thickness as showm on plans and should 
be laid in the pavement with the ends closely joined as the brick sare bcinglaid. 

61.8. On the sand cushion prepared as in section 61.6 the bricks shall be 
carefully set on edge with the best edge up. shall be laid straight and at right 
angles to the edging line, except at road intersections, where they shall be 
laid at such angles as directed by the Engineer. All brick shall be laid wdth 
the lugs in the same direction, joint i shall be close and at right angles to the 
tops and sides. Each alternate course shall be commenced with a half brick. 

No half bricks or bats shall be used except at the ends df courses, and no 
bats shall be less than 3" in length and at right angles to the courses. All 
joints shall be broken with a lap of not Ic.ss than three (3). inches. 

When laying brick on a street or road used in conjunction with a traction 
company the courses shall be started at the rails and laid down toward the 
curbs or edgings. 

All brick shall be clean when placed in the pavement. Brick which in the 
opinion of the Engineer are not satisfactorily clean, shall be washed before 
b«ng placed. 

In no case shall the sand cushion in front of the pavement be disturbed or 
walked on during the laying of the brick.^. 

61.9. After a sufficient number of bricks have been laid, all soft, broken or 
badly misshapen bricks shall be marked by the inspector and removed by the 
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Contractor. Any bricks slightly spalled or kiln-marked shall be turned over, 
and should the oppoj>ite face be acceptable, it may be replaced in the pave¬ 
ments otherwise, it must be removed. 

In laying brick pavement, the inspector shall keep the bricks culled, and 
the Contractor shall make the necessary changes and replacements so that 
the work shall at all times be ready for grouting within 300 ft. from the 
brick-laying. 

61.10. After all objectionable bricks have been remove<l from the pave¬ 
ment and all replacements have been made the pavement shall be sw’ept clean 
and thoroughly rolled with a self-propelled tamlern roller w'cigiiing not over 
<; tons and not less than 3 tons. Horse rolling shall not be permitted. This 
rolling shall start along the outside edges and progress toward the center. It 
shall then be rcrollcd diagonally both ways until the surface is even. After 
final rolling the pavement sb.all be tested with a 10' straight edge laid parallel 
with the curb, and any deproshion exceedingly shall be corrected and 
brought to the proper grade. All bricks disturbed in making replacements or 
correcting depressions shall be sctiIo<i into place by ramming or by rerolling. 
All gutter bncks must be brought to grade by ramming. 

This rolling shall start along the outside etlgcs and progress toward the 
center as slowly as possible. Af'cr tb.c 1 rst passage 01 the roller, the pace 
may be quickened. Portions of riic pavetnent inaccessible to roller shall be 
tamped to grade by the use hand tamper applied upon a 2" board. 

If during or after the rolling of the p.iveinent the sand cushain shall work 
up between the brick more than their depth, the brick .shall Ivc taken up 
and the sand cushion again rol'ed un’il iinn enough to support the weight of 
the brick and roller. After final rohing all broken brick must bo replaced. 

Each section of pavement must be ac< ei>tablc to I’-.e Engineer before the 
grouting on that section may be comnuiv cdi. 

61.11. Grout.—Grout for filling tl'.e j-ints of .brick or block pavements 
shall be composed of i part Portland cement and 1 part group sand, if hand 
mixed, and i part Portland cement and 2 parts group sand if machine mixed. 

61.12. The box for hand mixing this grout shall be about 4' 8" long, 
2' 6" wide and i' 2" <lecp. sui>p<)rted on kgs of chlTercnt lengths in 
order that the mixture .shall readily ilow to th.e hnvest corner, which .shall not 
be more than 6'' above the paven.cnt. Any approved mechnical grout mixer 
may be used. 

61.13. If hand mixc<J. the matiTial. not exceeding i sack of cement together 
wath a like amount of sand, shall bo placed in the box ar.d mixed dry, until the 
mass assumes a uniform color. WaK r sliall then be a<Mcd, forming a liquid 
mixture of the consistency of thin cream for the flr.^t coat and slightly 
thicker for each succeeding coat. Prom the lime the water is applied until 
the last drop i.s remov'cd and floated into the joints of the pavement the 
mixture must be constantly agitated. 

61.14. Spreading Grout.—The brick shall be wet to the satisfaction of the 
Engineer before any grout is placed. Th.e grout shall be removed from the 
box to the street surface with a scoop shovel and immediately swept into the 
joints, the mixture in the box being constantly agitated while this is being 
done. 

If a mixer is used, as soon as the grout is deposited upon the .surface it 
must be sw'ept into the joints. The work of grouting shall proceed for the 
entire width of the pavement, working from the sides toward the center. 
When sufficient time has elapsed for the grout to thoroughly penetrate all 
the joints, but before the grout has begun to harden, the section treated shall 
be gone over a second time in the same manner, care being taken to thor- 
ougnly fill all joints to the bottom ami flush with the top of tlic brick. If 
necessary to secure flush joints, a third, fourth or fifth coat of the grout shall 
be swept in and imoothed off with a suitaldc squeegee. The squeegee must 
in all cases be workerl at an angle of 45® with the joints. 

Care shall be taken to so conduct the grouting that no part of any joint will 
receive an application of the second grout until the first is .satisfactorily com¬ 
pleted, nor 01 the third until the second is completed, etc. To insure this 
res jlt metal strips H hy 6" by 3 ' must l>c inserted, for the full length of the 
joint, at work intervals; all of the several applications of grout must be 
completed up to this joint before any grouting is begun on the other side of it. 

61.15. Covering. —After the joints arc thus filled flush with the top of the 
bricks and sufficient time for hardening has taken place, the pavement must 
then be sprinkled, shortly after which i*' of suitable material shall be spread 
evenly over the entire surface, and be kept moist for a period of at least 10 
days and until the grout has thoroughly hardened. 
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During this period the section grouted must remain absolutely free from 
disturbance or traffic of any kind. Before opening for traffic this cover coat 
shall be completely removed. 

61.17. Plastering Rail.—Wherever railway track is encountered in the area 
to be paved, the rails shall be plastered unth a stiff mortar mixed, i part of 
Portland cement to 3 parts of concrete ma.sonry sand. This shall be used to 
completely fill under the head of the rail on both sides of the web. When this 
is done no deduction will be made from the paved area for the area of the rails 
for purposes of payment. 

61.18. Measurement and Payment.—The quantity of pavement to be 
paid for under this item shall be the number of square yards placed in accord¬ 
ance with the plans or directions of the Engineer, and shall be computed by 
multiplying the actual width of pavement, including expansion joints, by 
the total length of pavement measured along the axis of the road and parallel 
to the surface, except that the area of manhole covers and catch basins, where 
encountered, shall be omitted. The price bid per square yard shall cover 
the sand cushion, paving brick, grout, (e.xcept Portland Cement), material 
for expansion joint, sand covering, sprinkling, and all other labor, materials 
and incidentals necessary to satisfactorily complete the work. 

Ite.m 61—A 

The si^ecifications for this item vidll be the same as those given under Item 
61 and entitled “Brick Payment, Type 1,” except in the tollomng details: 

Ce.me.nt-sand Beo.—N ot less than 10 days after the concrete foundation 
has been completed, there shall be spread upon this foundation a bed of 
cement and concrete masonry sand. con''isting of 1 part cement and 4 parts 
of concrete masonry sand of which the depth shall not be greater than i" 
after rolling. The .sand and cement must be thoroughly mixed dry before 
placing cither bv an approved type of mi.\er, or by hand, on a mixing board or 
pan. The materials shall be thoroughly mixed until a uniform color i.s 
obtained and shouUl be spread on the foundation in this condition. The 
cement-sand lied shall be struck off rvith a template apd be brought to the 
exact form and section shown on plans to the rcciuircd depth below the fin¬ 
ished grade. After the bed has been leveled oil it shall be rolled with a 
hand roller weighing about 300 lb. If any depressions develop they shall be 
filled in and the bed again leveled and the rolling shall be repeated as many 
times as are necessary to compress the sand bed. Tramping upon the 
cement-.sand bed is prohibited. The insiicctor must keep the brick culled 
and the Contractor shall make the necessary changes and replacements so 
that the work at all times shall be ready for the grouting within 100 ft. of 
the brick line. 

All brick laid must be rolled ready for grouting at the end of the working 
period and each dav’s work must be comnloted in full. 

Before the grouting is applied the rolled bricks shall be thoroughly wet by 
sprinkling. It is important that the bricks be well wet so as to set up the 
cement-sand bed. An excess of water over that required and taken up by the 
ccmcnt-snnd cushion must not be used. The operation of grouting will be 
followed as for "Type i.” 

Payment will l>e made as for "Type i ” except that it will also cover the 
c rnent-.sand bed (except Portland Cement). 

Ite.m 59—Wood Block Pavement 
I (New York State 1922) 

59-1. Work.—Under this item the Contractor shall furnish and place upon 
a properly prepared foundation wood block of the quality specified where 
shown upon the plans or ordered by the Engineer. 

This piivemcnt shall be placed upon the old macadam, old concrete pave¬ 
ment, new concrete foundation or on other foundation as shown on the plans 
and ordered by the Engineer. 

59.2. Material.—The blocks shall be from 6 to 9'' long and shall average 
8"; they shall be 3'' in depth and from 3 to 4" in width; but all blocks in one 
piece of pavement shall be of uniform width. No variation greater than He" 
shall be allowed in the depth and in the width of the blocKS. 

59.3. Blocks shall be made from Southern yellow pine, North Carolina 
pine, Norway pine, black gum or tamarack; only one kind of wood however 
ahall be used in one piece of pavement. 
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Yellow pine block shall be made from what is known as Southern yellow 
pine, well manufactured, full size, saw butted, all square edges, and shall be 
free from the following defects; 

Unsound, loose and hollow knots, worm holes and knot holes, through 
shakes and round shakes that show on the surface. In yellow pine timber 
the annular rings shall average not less than six to the inch and shall be in 
no case less than four to the inch, measured radially. 

Norway pine, ^m. North Carolina pine and tamarack block shall be cut 
from timber that is first-class in every respect, and shall be of the same grade 
as that defined for the Southern yellow pine. 

59.4. The creosote oil with which the blocks shall be treated shall conform 
to either of the following specifications, designated as “A” and “B." 

The preservative to be used under this specification shall be a product of 
coal gas, water gas or coke oven tar, which shall be free from adulterations 
and contain no raw or unfiltcred tars, petroleum compounds, or tar products 
obtained from processes other than those stated. 

Specification “A” 

The specific gravity shall not be less than one and eight-hundredths (1.08) 
nor more than one and fourteen hundredths (1.14) at a temperature of thirty- 
eight (38) degrees centigrade. 

Not more than three and one-half (3H) per centum shall be insoluble by 
continuous hot extraction with benzol and chloroform. 

On distillation, w'hich shall be made exactly as descriljed in Bulletin 65 of 
the Railway Engineering and Maintenance of Way Association, the distill¬ 
ate. based on water free oil, shall not exceed one-half (>»i) of one (i) per cen¬ 
tum at one hundred and fifty (150) degrees centigrade, and shall be not less 
than thirty (30) nor more than forty (40) per centum at three hundred and 
fifteen (31s) degrees centigrade. 

The oil sh^ll contain not more than three (3) per centum of water. 

Specification "B” 

It shall be completely liquid at thirty-eight (38) degrees centigrade, and 
shall have a specific gravity at that temperature of not less than one and three 
hundredths (1.03) nor more than one and eight hundredths (1.08). 

It shall contain not more than two (2) per centum of matter insoluble by 
hot extraction with benzol and chloroform. 

On distillation, which shall be made exactly as described in Bulletin No. 65 
of the Amencan Railways Engineering and Maintenance of Way Association, 
the distillate based on water free oil shall be within the following limits: 

At 2io®C. not more than 5%. 

At 235°C., not more than 35%. 

At 3i5®C., not more than 85%. 

The oil shall yield a coke residue not exceeding three (3) per cent. 

The distillate, between 2 io°C. and 235*0., shall yield solids on cooling to 
IS®C. The preservative shall contain not more than 3'';, of water. 

59.5. Sampling of Oil.—The manufacturer of the nil shall permit full and 
complete inspection and sampling at the factory at which the oil is produced, 
of all materials either cmde or refined, entering into the manufacture of the 
finished product it.sclf, in order that the materials used can be determined 
to be in accordance with the foregoing requirements. He shall also submit 
satisfactory proof of the origin of all materials entering into the composition 
of the finished product. 

Samples of the preservative taken by the inspector from the treating tank 
during the progress of the work shall at no time show an accumulatibn of more 
than 2% 01 foreign matter, such as .Hawdu.st or dirt. 

59.6. The blocks shall be treated with the preservative above described, so 
that they shall contain at Ica.st 16 lb. of the same per cubic foot of timber. 

The manufacturer of the block shall equip his plant with all necessary 
gauges, appliances and facilities to enable the ins^ctor to satisfy himself 
that the requirements of the specifications are fulfilled. 

59 .7. Method.—Upon the foundation shall be spread a bed of cement mor¬ 
tar at no place less than thickness, composed of one part Portland 

cement and four parts sand thoroughly mijied dry. This mortar bed 
shall be struck with a template to a true surface exactly parallel to the top 
of the pressed pavement surface and 3" below it. The lx>d shall be 
sprinkled, immediately in advance of the olock laying, with clean water by 
hand sprinklers. 
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59.8. On the mortar surface prepared as described, the blocks shall be laid 
with grain vertical and at such angles with the curb as the Engineer may 
direct. The block shall be laid in straight and parallel courses and set 
loosely together but the joints shall not exceed and the blocks shall not 
be driven together. Each course of blocks shall be of uniform width and 
depth, with end joints broken by a lap of not less than 2^"* Only whole 
blocks shall be used exce^ in starting courses, cutting closures, or where 
specially permitted by the Engineer. Expansion joints of the same character 
as is s^cified for “ Brick Pavements" shall be used as shown on the plans or 
as ordered by the Engineer. On steep grades or elsewhere as shown on the 
plans or as ordered by the Engineer, iron or steel plates shall be furnished, 
inserted and secured in the transverse joints. Such plates shall conform 
exactly to the surface of the paving. Payment for them will be made under 
item “Miscellaneous Iron and Steel.” 

Closures shall be carefully cut and trimmed by expierienced men, the por¬ 
tion of the blocks used sliall be free from defects and the cut end shall have a 
surface perpendicular to the top of the block and cut at a proper angle to give 
a close joint. In laying block the pavers must stand on the block previously 
laid. 

After the laying is completed, defective blocks shall be carefully culled out, 
low blocks raised, the courses carefully aligned and the blocks spaced up. 
The pavement shall then be rolled by a self-propelled tandem roller weighing 
not less than tons nor more than 5 tons; the pavement being at the same 
time lightly sprinkled and the rolling continued until a uniform surface is 
obtained. Upon the completion of the rolling any defective blocks shall be 
removed and be replaced with sound blocks, and displaced blocks shall be 
realigned. The joints in the pavement shall then be immediately filled in 
the manner hereinafter dc.scribcd. If deemed advisable by the Engineer. 

C ortions of pavement laid with blocks w'hich have become “dried out” shall 
e sprinkled w’ith water at frequent intervals before joints of same are filled. 
S9.9 After rolling, the blocks shall be flushed with an approved bituminous 
filler heated to at least 300®F., w’hich shall be poured over the w'hole surface 
and well forced into the joints by rubber squeegees. While the bituminous 
filler is still hot it .shall be immediately followed with a thin coating of clean 
dry sand. Before turning traffic onto the pavement a coating of >2" in 
thickness of dry screened sand shall be spread over the entire surface. 

S9*.*0- Measurement and Payment. —The quantity to be paid for under 
this item shall he the number of square yards, including expansion joints, 
of pavement laid in accordance wdth the plans and as directed by the Engineer. 

The price bid shall cover the furnishing and placing of the mortar bed, 
(except Portland (Cement), wood block, bituminous filler and sand surfac¬ 
ing and all other labor and incidental expenses necessary to complete the 
work. 

Item 62— Stone Block Pavement.—T\te i 
Item 62A— Stone Block Pavement.—Type 2 
62.1. Work.—Under this item the Contractor shall furnish and place upon 
a properly prepared foundation Stone Block pavement of the quality specified 
below, as shown upon the plans or directed by the Engineer. 

The item will include the fumushing and placing of all the block, sand 
cushion, grout, expansion joints and all material, labor and other expenses 
incidental thereto, but will not include the concrete foundation, edging, 
curbing, manholes, catch basins, etc., which will be paid for under the especi¬ 
ally designated items therefor. 

62.2. Material.—The dimensions of granite or other blocks except of 
Medina .sandstone shall be as follows: Not less than 8" nor more than 12" 
long on top. not less than nor more than w’idc on top, and not less 
than 4^4"'nor more than s\i" deep. They shall be dressed so that after 
laying no measurement of any joint shall show a width of more thanH" fora 
depth of i", or a width of more than i"' in any part of the joint. The head 
of the block shall be so cut that it shall not have a depres.sion in it more than 
deep, and the edges and corners must be full unchipped and unbroken. 
All blocks shall be sorted and laid in straight course of uniform width and 
depth. 

The dimensions of the Medina sandstone blocks shall be as follows: Not less 
than 8^' nor more than 13" long on top; not less than 3" nor more than SM" 
wide on top and not less than 6" nor more than 7" deep. They shall be 
dressed so that after laying no measurement of any joint shall show a width 
of more than ki" for a depth of 2)4'^ or a w-idth of more than 1'' in any part 
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of the joint. The head of the block shall be so cut that it shall not have a 
depression in it more than " deep and the edges and comers must be full 
unchipped and unbroken. All blocks shall be sorted and laid in straight 
courses of uniform width and depth. 

62.3. The blocks shall be of stone of medium sized grain showing an even 
distribution of constituent material. They shall be of uniform quality and 
texture, without seams scales or disintegration. They shall be made from 
rock which when tested in the Deval I^ttlcr wdll show a "coefTicient of wear” 
of more than 7 and less tlian 14. All blocks for any one contract shall be 
from the same quarry unless otherwise directed. 

62.4. Method.—On the prepared foundation, sufficient clean Cushion 
Sand as described under “NIaterials of Construction” shall be spread to 
such a thickness that after the pavement has been thoroughly rammed or 
settled the sand under the block snail be nowhere less than thick. 

Premoulded longitudinal expansion joints sha.ll be placed along side each 
curb or edging and shall conform strictly to the requirements given under 
‘‘Materials of Construction.” 

These joints must extend to the depth of the block. No transverse joints 
shall be allowed. The material should be made into strips of suitable length 
and of the required depth arui thickness as shown on plans anrl should be laid 
in the pavement with the ends loosely joined as the block are being laid. 

On the sand cushion abov'e spccifieci the blocks shall be set vertically on 
edge in close contact with each other, and in straight row's across the road at 
right angles to the curb, except at intersections or curves, where the angle of 
the rows wnth the curb shall be varied to meet the conditions. Blocks in 
adjoining rows shall be set to break joints not less than 3"- All blocks shall 
be set so that when thoroughly rolled or settled to a firm, unyielding bearing, 
they will then be true to lines, grades and cross-sections, and have no joints 
greater than the maximum allowable. All dciiressions or irregularities in 
the surface shall be corrected to the satisfaction of the Engineer. Only 
practiced and competent pavers shall be employed in laying the blocks. 

After the blocks are laid, sufficient approved clean gravel shall be spread 
over the surface and sivcpt into the joints so as to fill the latter to a depth of 
about 2" from the bottom. The blocks shall then be thoroughly rollea until 
firm, with a roller weighing not less than <> tons, even and true to the liries, 
grades and cros.s-sections. Blocks not brought to true surface by rolling 
shall be rammed. 

Portland cement grout mixed in proportions of i part cement and 2 parts 
sand shall then be poured into the joints until the grout flushes to the surface 
of the pavement. The grout shall be broomed when required, and the pour¬ 
ing and brooming shall be continued until all the joints are thoroughly filled, 
and the grout is even with the highest part of any and all blocks. Before 
grouting the blocks shall be wet by sprinkling or otherwise. Grout shall be 
mixed as specified under Item 61. 

62.5. Covering.—After grouting shall have been completed and the grout 
shall have sufficiently hardened, a coating of suitable material about i'' deep 
shall be spread over the whole surface of the grouted pavement, and the road 
shall then be sprinkled with water. This covering shall be kept wet. and 
no travel of any kind shall be allow’ed on the completed pavement for at 
least 10 days thereafter, nor until the grout shall have thoroughly set, when 
the covering shall be completely removed. 

62.6. Measurement ana Payment. —The quantity to be paid for under thi^ 
item shall be the numl>er of square yards 01 pavement within the edging or 
curbing laid in accordance with the plans and as directed by the Engineer. 

The price bid shall cover the furnishing and placing of all materials, (except 
Portland Cement), the spreading of .sand cu.shion, the laying, rolling, 
grouting, surfacing and all labor and incidental cxpen.se 3 necessary to com¬ 
plete the work. 


Item 62—A 

The specifications for this item will be the same as those given under Item 
6a and entitled “Stone Block Pavement, Type i,” except in the following 
details: 

Cement-sand Bed. —Not less than 10 days after the concrete foundation 
has been completed, there,^sha11 be spread upon this foundation a bed of 
cement and concrete masonry sand, consi-sting of i part cement and 4 parts 
of concrete masonry sand 01 which the deptn shall not be greater than i" 
after rolling. The sand and cement must be thoroughly mixed dry before 
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placing either by an approved type of mixer, or by hand, on a mixing board 
or pan. The materials shall be thoroughly mixed until a uniform color is 
obtained and should be spread on the foundation in this condition. The 
cement-sand bed shall be struck off with a template and be brought to the 
exact form and section shown on plans to the required depth below the 
finished grade. After the bed has been leveled off it shall be rolled wdth a 
hand roller weighing about 300 lb. If any depressions develop they shall be 
filled in and the bed again leveled and the rolling shall be repeated as many 
times as are necessary to compress the sand bed. Tramping upon *.he cement- 
sand bed is prohibited. The inspector must keep the block culled and the 
Contractor shall make the necessary changes and replacements so that the 
work at all times shall be ready for the grouting within 100 ft. of the block 
line. 

All block laid must be rolled ready for grouting at the end of the working 
P'riod and each day's work must be completed in full. 

Before the grouting is applied the rolled block shall be thoroughly wet by 
sprinkling. It is important that the blocks be well wet so as to set up the 
cement-sand bed. An excess of water over that required and taken up by 
the cement-sand cushion must not be used. The operation of grouting will 
be folhivved as for "Type i.” 

Payment will be made as for "Type i" except that it will also cover the 
cement-sand bed (except Portland Cement). 


Item 56. Trimming Shoulders New York 

a. Work.-—Unflcr this item the i ontract(^r shall f -rm and trim shoulders, 
ditches, anil si jpes in a workman-hke manner to the lines and grades of the 
typical sections shown on plans and as ^he engineer may direct. The 
shoulders should be rolled with a roller weighing not less than 3 tons an 1 
left in a compact and satisfactory condition at the completion of the contract. 

b. Measurement and Payment.—The quantity to be paid for shall be 
the number of linear feet measured along the axis of the roadway where the 
work IS aetually performed. 

The price bid per linear foot of mad shall cover all labor and incidental 
work neecssary to trim, form, and compact shoulders, ditches, and slopes 
to the line and grade shown on the plans or as ordered by the engineer. 
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£-1. Subgrade and Drainage 

a. Preparation of Subgrade. — i. The ground to be occupicfi by the side¬ 
walk shall be excavated or filled to a subgrade, which, after being compacted, 
shall be such a depth below the finished surface of the sidewalk as may be 
shown on the plans. The subgrade shall immediately be dressed to a plain 
surface containing no large stones, roots, sod, or rubbish and shall slope 
downward toward the street in horizontally, and to such longitu¬ 
dinal grade as may be shown on the plans. The completed subgrade shall 
project 4" in excavation and 18" in embankment on each side l>eyond the 
edges of the completed walk. After the grading is completed, the surface 
shall be compacted by rolling or ramming. All soft and spongy places 
shall be removed and all depressions filltMl with material as nearly as possible 
conforming to that in the remainder of the subgrade. All filling shall be 
compacted in layers not exceeding 6" in thickness. 

2. Trees shall not be cut down or otherwise disturbed except by order of 
the engineer as shown on the plan. Any tree to be removed mu.st bo grubbed 
out or excavated with all of its principal roots and in case of cement walks 
for the entire width of the sidewalk. Trees having a diameter of 0 " or over 
will be paid for, the measurement to l>e taken 3" above the ground. Pay¬ 
ment for the rerhoval of such trees will be made in accordance with the 
contract price for the removal of trees. 

Stumps will be removed when encountered in the work. They must be 
grubbed out or excavated .as in the case of trees. Stumps having a diameter 
of 6" or over at the place where they were cut will l>c paid for at the contract 
price bid for removing stumps. 

3. Roots and trees which are not removed, but which are contiguous to the 
line of the sidewalks, and in any manner interfere therewith, must be trimmed 
and cut away as the emdnecr shall direct. Where the engineer may direct, 
the sidewalks shall be fitted to such trees. 

b. Surface Drainage. — i. In establishing the grade for the walk, i" shall 
be added to the grade resulting from the K" rise per foot from the curb 
grade, so that the earth slope from the curb to the walk shall be left i" below 
the walk surface, to insure proper drainage of all water from the sidewalk. 
The grade established will be the side nearest the curb. 

c. l^oviaion of Underdrainage. — i. When shown on the plan.s or required 
by the engineer, a suitable drainage system shall be installed and connected 
with sewers or other drains as indicated. 

2. On the subgrade prepared as specified, the drainage course, when 
required, shall be thoroughly rolled or tamped to a surface at least 5" below 
the finished grade of the walk. The drainage course shall be composed of 
broken stone, gravel, or boiler-plant cinders 4'' in thickness when compacted. 
The broken stone for this purpose may be any durable stone, crushed to 
such size that all will pass through a screen with 2" openings and lx* retained 
on a Gravel for the purpose may lie any sound, durable gravel, 

all of which shall pass through a 2" screen and be retained on a screen. 
If cinders arc useil they must be Rwd boiler-plant cinders from which tho 
ashes have Iicen screened out. Tne cinders must be thoroughly drenched 
with water before they arc placed on the sidewalk. 





SIDEWALKS 


1485 


3. The bottom of the drainage course shall be connected with street 
drains, or sewer inlets, by 3'' hard farm tile drain pipe at such points, not 
more than 200' apart, as wifi drain all the standing water out of the drainage 
course. 

4. While compacting the subgrade and drainage course, the material shall 
be kept thorougnly wet and shall be in that condition when the concrete is 
deposited; unless the subgrade is composed of damp clay, in which case 
extra care must be taken to prevent it becoming too soft. 

$. Prices to Coter .—The cost of preparing the subgrade as specified above 
in Subdivision a, except as otherwise provided, shall be included in the 
contract price for subgrade. Where underdrainage is required by the plans 
or by order of the engineer, the cost of providing the materials and con¬ 
structing the drainage course complete, as specified above in Subdivision 6, 
Pars. I to 4, inclusive, shall be included in the contract price for drain tile 
for underdrainage. 

Where contracts are for walks only, the items for extra earth excavation 
shall include all excavation above the finished grade line, as shown on the 
standard plans, and shall be for such width as indicated by a special section. 

£-3. Foundation and Wearing Surface 

a. Forms, Dimensions, and Joints.— i. Forms shall be free from warp and 
have sufficient strength to resist springing out of shape. The forms shall be 
well staked or otherwise held to the established lines and grades and their 
upper edges shall conform to the established grade of the walk. All wood 
forms shall be thoroughly wetted and metal forms oiled before depositing 
any material against them. All mortar and dirt shall be removed from forms 
that have been previously used. 

2. The slabs or independently divided blocks, when not reinforced, shall 
have an area of not more than 36 sq. ft. and shall not have any dimensions 

S weater than 6'. The large slabs shall be reinforced as hereinafter specified. 
n general, no walk shall be less than 5* in width. 

3. Each slab shall be separate from the adjoining one by a straight joint 
filled with tar paper. All joints shall be made with a jointing tool not less 
than thick, and so made as to slightly round the comers of the flags. 

4. The thickness of the walks shall be generally i" in thickness for each 
foot in width, but in no case less than s" for a two-course walk, or 4" for a 
one-course walk, for residence streets, and not less than 6" for a two-course 
walk on business streets. The maximum thickness will be shown on the 
plans. 

5. A thick expansion joint of asphaltic felt the same depth as the 
concrete shall be provided at least once in every so'. W'herever the walk 
extends directly against the curb or building, a expansion joint of 
asphaltic felt shall be provided. 

6. Unlcvss protected by metal, the upper edges of the concrete shall be 
rounded to a radius of 

7. Where steel dividers are used between each slab, tar paper and asphaltic 
felt joints may be omitted. 

b. Two-course Walks.—i. W^here the sidewalk extends from the curb to 
a building a two-course walk may be laid, otherwise a one-course w^alk shall 
be laid. 

2. The foundation course of a two-course walk shall be composed of 
Portland cement concrete designated as Class B concrete in these specifica¬ 
tions. The proportioning, mixing, and placing of concrete shall be done in 
accordance with the specifications for Class B Portland cement concrete. 
(See Division B-i of these specifications.) 

3, Slabs having an area of more than 36 sq. ft. or having any dimension 
greater than 6 ' shall be reinforced with wire fabric or with plain or deformed 
bars. The cross-sectional area of metal shall amount to at least 0.041 sq. in. 
per lineal foot. The reinforcement shall be placed upon and slightly pressed 
into the concrete base immediately after the base is placed. Reinforcement 
shall not cross an expansion joint. Where joined it shall be lapped sufficiently 
to develop the full strength of the metal. 

4. The wearing-surface course shall be mixed in the manner specified for 
mixingMPortland cement concrete (sec Division B-i) and shall be composed of 
Class ^ Portland cement mortar. Both the Portland cement and the fine 
aggrep;ate used shall conform to the requirements of these specifications, 
Division B-I. The mortar shall be of a consistency that will not require 
tamping, but which can easily be spread into position. 
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5. The wearing-surface course shall have a minimum thickness of i" and 
shall be placed immediately after mixing. In no case shall more than 40 
min. elapse between the time the concrete for base is mixed and the time the 
wearing course is placed. 

6. Alter the wearing course has been brought to the e -tablished grade, it 
shall be worked with a wooden float in a manner that will thoroughly com¬ 
pact it. When required, the surface shall be troweled smooth, but excessive 
working with a steel trowel shall be avoided. Tlie slab marking shall be 
made in the wearing course, directly over the joints in the base, with a tool 
which will completely separate the w'caring courses of a Ijaocnt slabs. 

7. If excessive moisture occurs on the surface, it must be taken up wulh a 
rag or mop, and in no case shall dry cement or a mixture of dry cement and 
sand be used to absorb this moisture, or to hasten the hardening. 

8. Prices lo Cover ,—The cost of furnishing and firepanng tlie material and 
constructing the foundations and wearing surface, as specified above in 
subdivisions a and b, shall be included in tlie contract price for foundation 
and wearing surface of two-course sidewalks, except that wliere reinforcement 
is required additional payment shall be made, at the contract price for 
reinforcement, for such quantities as are shown on tlie plans or required Ijy 
written order of the engineer. 

c. One-course Walks.—The general requirements of the specifications 
covering tw’o-course walks will apply to one-ctmrse walks with the following 
exceptions; 

1. The concrete shall l>€ Class A concrete, as specified in these specillca- 
tions. Division B-i, Subdivision d. 

2. In general, one-course walks shall fn? laid on all residential streets, 

3. The thickness of one-course walks shall be not less than at any 
section. 

4. The forms shall be filled, the concrete struck t>fT, coarse particles forced 
back from the surface, and the work finished as specified under tw’O-course 
walk. Subdivision b. 

5. When a one-course walk is to be reinforced the metal shall be placed 2" 
from the finished surface. The minimum amount of metal shall be as si>e<'i- 
fied under two-course walk. 

6. Prices to Cover. —The cost of furnishing and preparing the material and 
constructing the sidewalk, as specified above in Subdivisions a and c, sh.all 
be included with contract price for one-course sidewalks, except that where 
reinforcement is required additional payment shall be made, at the con¬ 
tract price for reinforcement, f«)r such auantities as are required by written 
order of the engineer, or shown on the plans. 

d. Protection of Walks, — r. When completed, all walks shall be kept 
moist and covered with canvas or boards and protected from traffic and the 
elements for at least 3 days, and shall not l>e opened to traffic until tlie engi¬ 
neer so directs. The cost of such protection shall be included in the contract 
price for sidewalk construction. 

2. If, at any time during the progress of the work the temnerature is, or in 
the opinion of the engineer W'ill within 24 hrs. drop to 35T., the water and 
aggregate used in preparing the concrete shall be heated, and precautions 
shall h>c taken to protect the work from freezing for at least 3 rlavs. In no 
case shall concrete be deposited upon a frozen subgradc or subbase. No 
concrete shall lie laid in freezing weather. 

Item 13 .—Changing Elevation of Manholes and Catch Basins^ 

a. Work.—Under this item the contracti^r shall raise or lower, to the 
grades given, all existing covers of catch basins <»r manholes. 

b. Material.—All changes shall l/e made with acceptable brick laid in 
Portland cement mortar of i part cement an«l 2 parts ci>ncretc sand. 

c. Method. —All work shall be done in a workman-like manner by compe¬ 
tent masons. 

d. Mcaiurement and Payment. —For each manhole or catch basin raised 
or lowered as directed by the engineer, the contractor shall receive the unit 
price bid. 

The price bid shall cover all labor, materials (except Portland cement), 
and^ incidentals necessary to complete the. work. If any manhole or catch- 
basin heads or covers are broken through carclcssncs.s on the part of the 
contractor, they shall t>c replaced at his expense. 

* New York. 
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Item 7. Pipe Underdiain* 

a. Work. —Under this item the contractor shall furnish and Hy, at his 
option, porous tile, vitrihed clay, or concrete pipe wherever required for 
(iramaKC, of the size indicated on the plans or in the itemized proposal. 

b. Material.— r. Porous, tile shall be whole and free from cracks and other 
defects and must be satisfactory to the engineer. 

2. Vitrified clay pipe shall be first-quality, double-strength, salt-glazed, 
sound, vitrified, stoneware pipe. 

3. Concrete pipe shall be first quality and free from cracks and other 
defects, and must be satisfactory to the engineer. The concrete shall con¬ 
sist of a mixture of i part Portland cement, 2 parts concrete sand, and 3 
parts of broken stone or screened gravel of No. i size. 

c. Method.—The pipe shall be laid true to line and grade on a 2" bed of 
No. 2 size stone, gravel, or slag and shall be covered as laid with broken stone, 
screened gravel, or broken slag, placed around and above it to a height and 
in a manner as directed by the engineer. The joints shall be wrapped with a 
strip of burlap or tar paper not less than 6" wide and lapped at least 6" on 
top of the pipe. 

d. Measurement and Payment.—The amount to be paid for under this 
item shall be the number of linear feet of pipe furnished and incorporated in 
the work. 

The price bid shall cover all labor, materials, and incidentals necessary to 
complete the work, except that the necessary excavation will be paid for 
under the item Excavation, ami the nece.ssary broken stone, broken slag, or 
•screened gravel will l)e oaid for under the items Broken Stone, Loose 
Measurement. Broken Slag, Loose Measurement, or Screened Gravel, Loose 
.Measurement. 

Item 10. Relaying Old Pipet 

a. Work. —Under this item the contractor shall, as directed, carefully 
remove, preserve, haul, and relay old pipe found in existing culverts. 

The old pipe when relaid shall be true to line and grade and have a full, 
firm, even bearing, and the work shall be in every way the same as if new 
pipe were being laid. 

Existing pipe in good condition which is damaged in removing, due to the 
carele.ssncss of the contractor, shall be replaced with new pipe at the con¬ 
tractor’s expense. 

Exi.sting pipe which is, in the engineer's judgment, unfit for relaying may 
be destroyed l>cfore removing. 

b. Measurement and Payment.—The amount to be paid for under this 
item shall be the number of linear feet incorporated in the work. New pipe 
furnished to replace old pipe which is destroyed through the carelessness of 
the contractor shall be paid for as if the old pipe had been preserved and 
relaid. 

The price bid shall cover the labor, materials, and incidentals necessary 
to complete the work, except that the excavation necessary will be paid for 
under tne item Excavation. 

Drop Inlets^ 

Drop inlets shall be constructed where shown upon the plans, or directed 
by the engineer. The details of construction shall be such ^ he may direct. 

Payment for drop inlets will be made under appropriate items at the con¬ 
tract price for the materials entering into their construction; that is, payment 
will be made for the various amounts of excavation, concrete, miscellaneous 
iron and steel, cast-iron pipe, Portland cement, etc. Payment under these 
items shall cover all labor and materials necessary to complete the work. 

Item 15. Stone Filling^ 

а. Work. —Under this item the contractor shall furnish and place accept¬ 
able stone or cither quarry, field, or cobblestone on slopes, in fills, in crib 
work, and similar work as required. The larger stones shall be properly 
embedded at the bottom of the fill; all stones shall bo so placed as to make a 
fill of maximum capacity. 

б. Measurement and Payment. —The quantity to be paid for under this 
item shall be the number of cubic yards measured in its final position and 
incorporated in the work as directed by the engineer. The price stipulated 
shall pover the cost of obtaining the stone, placing and all materials ai^d 
expenses incidental thereto, except that the excavation necessary will be paid 
for under the item Excavation. 

> New York. 
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Item 16. Rip-Rap i 

a. Work.— Under this item the contractor shall furnish and place rip-rap 
for slope protection where shown upon the plans or ordered by the engineer. 

b. Material.—Rip-rap shall consist of field stone or rough, unhewn quairy 
stones as nearly cubical in form as is practicable, placed upon a slope not 
steeper than the angle of repose, and so laid that the weight of the large 
stones is carried by the soil and not by the stones adjacent. Fifty per cent 
of the mass shall be large stones cf 2 cu. ft. or more. 

The largest stones shall be placed first, roughly arranged and in close 
contact: the stones shall rest upon a 6 " bed of stone chips or gravel or other 
acceptable porous material, where ordered by the engineer. The spaces 
between the larger stones shall be filled with spalls of suitable size. 

c. Measurement and Payment.—The quantity of rip-rap to be paid for 
under this item shall be the number of cubic yards placed in accordance with 
the plans or as directed by the engineer. When a porf'us lied is placed in 
accordance with the directions of the engineer, the quantity of the same shall 
be included in the quantity of rip-rap and paid for as such. 

The price bid .shall cover all labor, materials, and incidental expenses 
necessary to complete the work satisfactorily, except that the excavation 
necessary will be paid for under the item Excavation. 

Item z 8 . Timber and Lumber > 

a. Work. —Under this item the contractor shall furnish and place all 
timber and lumber of various sizes as may be ordered for sills or platforms 
beneath the road, for culverts, bridges, reinforcing e.xisting structures, and 
for other similar purposes as ordered by the engineer. 

b. Material.—Timber and lumber shall be of short leaf yellow pine or 
spruce or other acceptable kind, sound, square-edged, free from shakes, 
loose knots, or decay, and shall be planed and framed if required. 

c. Work Not Included.—Xo payments will be made under this item for 
timber or lumber for forms, molds, or centers, for sheeting or bracing, scaf¬ 
folds. fences, guide rails, or any part of the contractor’s temporary bridge.s, 
roads, or plant; but payment for timber and lumber used in the above cases 
shall be included under the appropriate items covering the same. 

d. Measurement and Payment.—The quantity of timber and lumber to be 
paid for shall be the number of thousand feet, board measure, actually 
placed in accordance \^ith orders of the engineer. If any round timber i.s 
used it shall he estimated as square timber of the largest size, omitting frac¬ 
tions of an inch, which can l>c inscril-ved in the small end of the log. 

No second-hand timl>cr shall be used except with the approval of the 
engineer. The price bid shall cover a’l bolts, spikes, and other fastenings 
and all other material and expenses incidental of furnishing, framing, and 
placing the timber and lumber satisfactorily. 

Item 27. Concrete Curbing' 

a. Work. —Under this item the contractor shall place concrete curbing, of 
the type shown on the plans, where shown on the plans or ordered by the 
enmneer. 

b. Material. —The concrete shall consist of a mixture of i part Portland 
cement, 2 parts of concrete sand, and 3 parts of broken stone or screened 
gravel measured separately, and shall be mixed in accordance with the general 
requirements of Concrete Masonry. 

The aggregates for concrete curbing shall meet the requirements given 
in the detailed specifications. Materials of Construction. 

c. Method and Forms. —Curbing shall be molded in place in sections 
6 ' long and provision made at each joint for expansion of 

All forms shall be set true to line and grade and held rigidly in position. 
They shall be cither of metal or of acceptable planed and matched lumber, 
and of such construction that a smooth surface will lie provided. 

The forms shall be left in place until the concrete has set sufficiently so 
that, in the opinion of the engineer, they can be removed without injury 
to the curbing. The curbing shall immediately upon the removal of the 
forms be rubbed down to a smooth and uniform surface, but no plastering will 
be allowed. For this work a competent an«l skilful finisher shall be employed. 

The curbing shall be covered, immediately after finishing, with burlap, or 
other material acceptable to the engineer, which shall be kept wet tor a 
period of 3 days. 
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d. Protection. —The contractor shall protect the curbing and keep it in 
first-class condition until the completion of the contract. Any curbing 
which is damaged at any time previous to the final acceptance of the work 
shall be removed and replaced with satisfactory curbing at the contractor’s 
exfiense. 

e. Measurement and Payment. —The quantity to be paid for under this 
item shall be the number of linear feet placed in accordance with the plans 
or the directions of the engineer. 

The price bid for concrete curbing shall cover the furnishing and placing 
of all concrete, tile, porous filling, forms, and all materials (except Portland 
cement), labor, and incidental expenses necessary to complete the work, 
except that the excavation necessary will be paid for under the item 
Excavation. 

Item 34. Wooden Guide Railing^ 

a. Work.—Under this item the contractor shall furnish and erect wooden 
guide railing of the type indicated, where shown on the plans or ordered by 
the engineer. 

b. Material.—The posts shall be of seasoned white oak, cedar, locust, 
tamarack, or chestnvit. Posts and rails shall be sound, clear, and cut from 
live timber. The posts shall be round, at least 6'' in diameter at the smaller 
end after the bark is removed. Posts shall be shaved to even surfaces free 
from bark or skin. The lower part of the posts to a point 3' from the top 
shall be dipped while dry in suitable bituminou.s material heated to a tem- 
l>eraturc of 300“?., or shall be charred as directed. The posts if dipped 
shall be thoroughly clry before being set in the ground. 

Rails shall be of seasoned, planed spnice or yellow pine and be properly 
secured to the posts, all in a workman-like manner. 

White paint used under this item shall conform to the specifications under 
MateriaU of Construction. 

c. Painting.—The j'-mts of the rails and posts shall be given one coat of 
white paint before being put together; the beveled tops of posts shall receive 
two heavy coats of the same. Tiic entire surface exposed above the ground 
shall receive three coats of white paint. No paint shall be applied in wet 
or freezing weather. 

d. Measurement and Payment. —The quantity of wooden guide railing 
to be paid for under this item shall be the number of linear feet completed 
in plucc. 

The price bid shall cov'er the furnishing and erecting of all posts and rail, 
the excavation, painting, dipping, hardware, and all expenses and incidentals 
necessary to complete the work. 

Item 35. Cable Guide Railing' 

a. Work.—Under this item the contractor shall furnish and erect guide 
railing as shown on the starid.ird structure slicct iit su«.h places as indicated 
on the plan or as otherwise (lirecte<l by the engineer. 

Stretches of gui<ie railing more than 500' in length shall have two inter¬ 
mediate anchors for eacli 500' stretch or fraction tliercof. 

b. Material.—The posts shall be made of concrete consisting of i part of 
Portland cement. 2 parts of concrete sand, and 3 parts of crushed stone or 
screened gravel, all measured loose bulk in lioxcs or forms of known capacity. 

All posts shall be reinforced as shown on the standard structure sheet with 
fabneated steel bars meeting all the requirements of the Standard Specifica¬ 
tions of the A.S.T.M. Serial Designation A-15-14 or, at the contractor’s 
option, with steel fabric meeting all requirements of the Standard Specifica¬ 
tions of the A.S.T.M. Serial Designation A-82-21T. 

All exiKJscd surfaces shall be finished true to line. No plastering of any 
surface will l>c jiermiUcd. 

After erection, all exposed surfaces of the post shall receive a uniform 
^plication of a solution consisting of 8 lb. of zinc sulphate to i gal. of water. 
The application shall be permitted to set for at least 48 hr., after which the 
posts, when perfectly dry, shall receive two coats of white paint meeting the 
remiirements under Materials of Construction. 

Cable shall be Ihrcc-strand, scvcn-wire-to-thc-strand, double-galvanixed 
steel wire cable of diameter. Imlividual wires shall be not less than 
0.120'' diameter. 

The minimum tensile strength of the rope shall be 15,000 lb. 

»New York. 
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Each wire of the cable and all fittings and fastenings, except threaded 
portions, shall be galvanized by the hot-dip method and shall have a con¬ 
tinuous coating of pure zinc of a uniform thickness, so applied that it will 
adhere firmly to the surface of the wire, and it shall be capable of withstand¬ 
ing four immersions in a standard testing solution of copper sulphate without 
showing any trace of metallic copper on the steel. The first three immersions 
shall be for a pieriod of i min. each and the fourth immersion for a period of 
H min. 

The threaded portions of all fittings and fastenings shall have a continu¬ 
ous coating of pure zinc of a uniform thickness, so applied that it will adhere 
firmly to the surface of the thread, and it shall be capable of withstanding two 
immersions, of i min. each, in a standard testing solution of copper sulphate 
without showing any trace of metallic copper on the steel. 

These thre.aded portions shall receive, after erection, two coats of alumi¬ 
num paint meeting the requirements under Materials of Construction. 

c. Measurement and Payment.—The quantity of guide railing to be paid 
for under this item shall be the number of linear feet outside to outside of 
posts, completed in place, as shown on the plans or as directed by the engineer. 

The price bid shall cover the furnishing and placing of all material, 
the excavation, backfilling, and all other labor and incidental expenses neces¬ 
sary to complete the work satisfactorily. 

Item 36. Concrete Guide Posts ^ 

а. Work and Material. —Under this item the contractor shall furnish and 
erect concrete posts conforming to the requirements of Item 35. 

After erecting, all exposed surfaces of the posts shall receive a uniform 
^plication of a solution consisting of 8 lb. of zinc sulphate to i gal. of water. 
This application shall be permitted to set for at least 48 hr., after which the 
posts, when perfectly dry, shall receive two coats of white paint, meeting the 
re<juircments under Materials of Construction. 

fhese posts shall be erected and spread as directed by the engineer, 

б . Measurement and Payment.—The number of cr>ncrcte guide posts 
to be paid for under this item shall he the number erected in accordance with 
the plans and orders of the engineer. 

The price bid shall cover furnishing and placing of all material, the 
excavation, backfilling, and all labor and incidimtal expenses necessary to 
complete the work satisfactorily. 

Item 57. Removing Old Bituminous Carpet^ 

a. Work. —Under this item the contractor shall remove the old bituminous 
carpet as shown on the plans or as directed by the engineer. 

b. The loosened bituminous material shall be immediately removed from 
the payment and deposited as directed by the engineer. 

c. Measurement and Payment.—The quantity to lx; paid for under this 
item shall l>e the number of s<iuarc yards of bituminous carpet removed in 
accordance with the plans or as directed by the engineer. 

d. The price bid shall cover all labor, appliances, and incidental expenses 
necessary thereto. 

Item 58M. Cleaning Existing Pavement (Per Mile); Item 58Y. Cleaning 
Existing Pavement (Per Mile) ^ 

a. Work. —The purpose of the work called ff^r under this item is to prepare 
the existing pavement for the application of a new top course or a wearing 
carpet. 

b. Method. —Under this item the contractor shall clean the existing pave¬ 
ment by the use of hand brooms or by the use of mechanical sweepers of 
approved type, as directed by the engineer, so as to uncover but not dislodge 
tne eml>cddcd stones of the pavement. 

All mud, dust, and other dirt so swept off shall then he removed and 
deposited in such places and in such manner as the engineer may direct. 

c. Ruts. —Ruts anil depressions of a greater depth than U' below the 
general surface of the pavement shall be swept out by hand brooms until all 


m 


The operation of cleaning out the ruts and depressions and filling them 
with thoroughly compacted stone or slag and binder to the general level of 
the surface shall immediately follow the general operation of clc.ining the 
surface. 
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d. Measurement and Payment. —The price bid shall include all labor, 
tools, appliances, the removal of material cleaned from the surface, and all 
other expenses incidental thereto. 

The amount to be paid for under this item shall be the actual quantity of 
existing pavement, cleaneU m accordance with the above and to the satis¬ 
faction of the engineer. 

Item 59. Scarifying and Reshaping Old Macadam^ 

fl. Purpose.—The purpose of the work under this item is to prepare old 
macadam pavement for the application ol a top course. 

b. Work.—Under this item the contractor shall thoroughly scarify the 
old macadam, by hand picking or by means of a mechanical scarifier of 
approved type. When a roller with spiked wheels is used the macadam must 
be further broken by hand i^icking. or i>lowing and harrowing. 

The loosened stones shall then be forked or raked over as directed by the 
engineer, after which the macadam shall be compacted by rolling with a 
scli-propel!ed r<.ller weighing not less than 10 tons until an evxn and firm 
‘urfacc is producerl, after which coarse gravel or screenings shall be used to 
fill all voub. If necessary in r)rdcr to compact the stones satisfactorily, the 
macadam shall l>c sprinkled during the process ( f rolling and filling. 

c. Measurement and Payment.—The quantity to be paid for under this 
item shall he the actual number of square yards scarified, reshaped, rolled, 
refilled, and compacted to the satisfaction of the engineer, and the price bid 
shall cover the furnishing of the necessary filler and all labor, appliances, 
and expenses incidental thereto. 

Item 34—Guide Signs 

34.1. Under this item the Contractor shall furnish and erect guide signs 
of the typo indicated where shown upon the plans or ordered by the Engineer. 

34.2. Permanent guide signs shall be for the purpose of furnishing perma¬ 
nent directions to traffic after the completion of the contract. Permanent 
guide signs shall be constructed of kiln dried white pine and of the dimensions 
shown on the plans. They shall first be given four coats of white lead mixed 
with linseed oil. After the last coat has become thoroughly dried the letters 
shall be painted with black enamel paint, and when this is thoroughly 
dry they shall be given one coat of the finest white shellac. 

34.3. Temporary guide signs sh.all be for the purpose of guiding traffic 
along a detour during construction. Temporary guide signs shall be 
constructed of kiln dried white pine and of the dimensions shown on the 
plans. Thev sh.all first be given three co.ats of white lead mixed with linseed 
oil. After the last coat has become thoroughly dried the letters shall be 
painted with bl.ick enamel paint. 

34.4. The number of gviidc signs to be paid for under this item shall be 
the number of signs jilaccd in accordance with the plans and ordered by the 
Engineer. All signs become the property of the State upon payment for this 
item. 

The price bid shall include the furnishing of all labor and materials neces¬ 
sary to satisfactorily erect permanent guide signs on sign posts aiul temporary 
guide signs including sign posts, each guide sign complete in place. 


Item 35—Highway Number Signs 

35.1. Under this item the Contractor shall paint on the concrete sign 
post highway number signs of the type indicated where shown upon the 
plans <jr ordered by the Engineer. 

35.2. Highway number signs shall be painted on all concrete sign posts 
wnth letters which shall first be formed of tw'o coats of flat black mixed m oil 
and afterward retraced with black enamel. 

35-3* The number of highway number signs to be paid for under this 
item snail be the number placed in accordance with the plans and ordered 
by the Engineer. 

The price bid shall include the furnishing of all lalx^^ and materials to 
astisfactorily complete the work. 
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Item 36—Danger Signs 

36.1. Under this item the Contractor shall furnish and erect danger 
signs where shown upon the plans or ordered by the Engineer. These 
shall be of the type called for by the plans. 

36.3. Danger signs shall be constructed of a material and painted 
similar to that specified for guide signs and shall be of the dimensions and 
lettered as shown on the standard plans. These signs shall be placed on 
the standard concrete sign posts and set at an angle of forty-five degrees 
to the center line. When the standard sign is used the arrow shall point in 
the direction of the danger. 

36.3. ^ The number of completed danger signs for which the Contractor 
will receive payment will be the number placed in accordance with the plans 
and ordered by the Engineer. 

The price bid shall include the furnishing of all 1al)or and materials neces¬ 
sary to complete each danger sign in a satisfactory mannt'r. 

Item 37—Concrete Sign Posts 

37 .1. Under this item the Contractor shall furnish and erect camcretc 
sign posts of the type indicated, where shown upon the plans or ordered by 
the Engineer. 

37 2. Concrete sign posts shall be made of first-class concrete and of the 
dimensions and materials shown on the standard plan.s. To these posts 
shall be securely fastened >rat<le hoards and siKins. 

37 3. The number of (.)t".|dcted concrete sign posts to he p.tid for under 
this item shall be the number erected in accordance with the plans an<l 
ordered by the Engineer. 

The price bid shall incltule a!! conrrctc. reinforcement, forms, excavation 
and backfill, and the furnishing of all other labor and materials necessary 
to complete each concrete sign post in a satisfactory manner. 

LOOSE STONE 

Item 38 —Screened Gravel—Loose Measure 
Item 39—Broken Stone—Loose Measure 

38.1. Under these items the r')ritractor sh.iH furnish and place upon 
the road, as directed by the Ifngii.ccr, broken stone and gravel of the sizes 
designated on the Itemized Pro{;o^a!. This st'-nc and gravel will be used 
for general repair work a: d for miscellaneous work. 

38.2. The stone or graved dt livered shall be of approvt'd quality and shall 
conform to the general requirements for broken stone and gravel, and they 
shall be of the sizes ordcre<l. 

38.3. The quantity to l,«e paid for under Items 38 and 39 respectively 
sh^l be the quantity of broken st'Uic or gravel furntsherl and clehvered on the 
work at the places and in th*’ Condition si>ecified by the Engineer. When 
the material is prodm ed by tl.e contractor on the %vt^rk, it shall V>c measured 
in cubic vards; it shall l>c measured in tons of 2000 lbs. when the material is 
imported and the weight is obtainable from reliable sources such as certified 
quarry or railroad figures. 

The price bid shall include furnishing and delivering the stone or ^avcl 
as directed by the Engineer and all labor, appliances and expenses incidental 
thereto; also the spreading, rolling or incorporating of the stone or gravel 
in the work, when required by the Engineer. 

BRIDGES AND CULVERTS 
Item 83. Timber Structurei 

83.1. Description. —AH timljcr structures shall l>c built as indicated on the 
plans, conforming to line^ grade, dimensions, and design shown and in accord¬ 
ance with the specifications for piling, concrete, untreated tirnlicr, treated 
timber, and other pay items which arc to constitute the complete structure. 

83.3. Material.—(1) All timl^er shall be sound, sawed standard size, 
straight, out of wind, and shall be free from defects, such as decay, worm 
holes, injurious shakes, checks, and crooked, cross, or spiral grain, large, 
loose, or unsound knots, knots in groups, large pitch pockets, or other defects 
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that might impair its strength and durability. Unless otherwise specified, 
wane may show on only one comer of a piece. Wane shall not exceed one- 
half the length of the piece nor measure more than i" across the face of the 
wane. Not more than 10% of the pieces of one size may show any wane. 

83.3. (2) Standard size and dressing. Rough timbers sawed to “standard 
size^’ shall be interpreted to mean that sawn rough timber shall not be over 

scant from actual size specified. For instance, a 12 by 12" timber shall 
measure not less than by 119-4". “Standard dressing" .hall be inter¬ 

preted to mean that not more than shall be allowed for dressing each 
surface. For instance, a standard 12 by 12" timber, dressed four sides, shall 
measure not less than iiH by 

83.4. (3) All timber shall be classified as “dense," or “sound," and as 
“treated" or “untreated." 

83.5. (4) “Sound timber" shall meet all the requirements set forth above 
and may be used for columns, sills, wheel guards, bulkhead sheeting, and 
bracing. 

83.6. (5) “Dense timber" shall be required for truss members, floor 
beams, stringers, caps, and flooring. Dense timber shall meet all the require¬ 
ments set forth above and shall be classified as follows; (a) Dense timber of 
loiuTleaf pine, shorllcaf pine, and Cuban pine; (fd dense timber of coast region 
Douglas fir; and (c) dense timber of other speries. 

83.7. Dense timber of longleaf pine, shortleaf pine and Cuban pine shall 
show at one end or the other an average of at least six annual rings per inch 
and at least one-third summerwood, all measured over the third, fourth, and 
fifth inches on a radial line from the pith. Wide-ringed material excluded 
by this rule shall be acceptable, provnled the amount of sumrnerw'ood as 
above measured shall be at least one-half. The contrast in color between 
summerwood and springwood shall be sharp, and the summerwood shall be 
dark in color except in pieces having more than one-half summerwood. 

83.8. In rases where timbers do not contain pith and it is impos.sible to 
locate it with any degree of accuracy, the abov’e inspection shall be made 
over 3" in an approximate radial line beginning at the edge nearest the pith 
in timbers over 3" in thickness, and in the second inch of tne piece nearest to 
the pith in timbers 3" or less in thickness. 

83.9. In <limen.4Ton material containing the pith but not a 5" radial line, 
which is loss than 2 by 8“ in section, or less than 8" in width, that does not 
show oyer ib sq. in. on the cross-section, the inspection shall apply to the 
secoufl inch from tlie pith. In larger material that docs not show a 5" radial 
line, the inspection shall apply t«t the third inch f.arthcst from pith. 

83.*0. h. Denso tiuibor of coast region Douglas fir shall be strong timber of 
mcffium rate <*f growth and show' on one end or the other an average of at least 
six annual rings i)cr inch, and at least one-third summerwood measured over 
3" on a I'.ne located as hereinafter described. Wide-ringed material, excluded 
by this rule, shall be acceptable, provided the amount of summerwood as 
above meastired shall be at least one-half. Material in which the proportion 
<jf summerw'CM 1(1 is not clearly discernible shall not be used. 

83.11. Wlum the least dimension is s" or more, the pith being present, the 
line ov'cr whii li the rate of growth and percentage of summerwood measure¬ 
ments shall l»e niade shall run from the pith to the comer farthest from the 
pith. The 3" line shall begin at a distance from the pith equal to 2" less 
than one-half the least dimensions of the piece. 

83.12. For all pieces not having the pith present, the center of the 3'' line 
shall be at the center of the end of the piece, and the direction of the 3'' line 
shall be at right angles to the annual rings. 

83.13. If radial line of 3" cannot be obtained, the measurement shall be 
made over the entire radial line that is available. 

83.14. r. Dense timber of other species. Other species of timber for truss 
members, floor beams, caps, and flooring shall be strictly first quality. 

83.15. (6) Untreated Timber.—For designs based on a fiber stress in 
handing of 1500 to 1600 lb. per square inch, one of the following species of 
timber shall be used; 

Douglas fir from Pacific coast region. 

Longleaf pine. 

Cuban pine. 

White oak. 

83.16. Heart Requirement.—All untreated timber shall show at least 
8s % heartwood on any girth. 
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84.17. {7) Treated Timber.—Timber treale l by a pressure method to 
retain 8 to 12 lb. of oil per cubic foot, as hereinafter specified, and so treated 
that all sapwood is entirely impregnated with creosote oil, shall fulfil the 
requirements for untreated timber except that there shall be no heartwood 
reaviirement. 

03.18. For designs based on a fiber stress in bending of 1500 to 1600 lb. 
per square inch, one of the following species of timber shall be used: 

Douglas fir from Pacific coast region. 

Longleaf pine. 

Cuban pine. 

Sl’ortleaf pine. 

White oak. 

83.19. Preservation Treatment.—Timber to he treatcil for preservation 
shall l.>e cut and framed prior to treatment. After treatment no unnecessary 
cutting of treated piles or limber will be allowed. 

83.20. The range of pressure, temperature, and time duration shall be 
controlled so as to result in maximum penetration by the quantity of preser¬ 
vative injected, which shall permeate all of the sapwood and as much of the 
heartwood as practicable. 

83.21. The amount of preservative and manner of treatment shall l)e as 
indicated on the plans and shall fulfil the following requirements: 

Timber shall be treated with the preservative siieciricd by any standard 
full-cell process to retain not less than 12 lb. of the preservative per cubic foot 
or by any standard empty-cell process to retain not less than 8 lb. of the 
preservative per cubic toot, except Douglas fir, which shall be treated to 
retain not less than 10 lb. by any standard full-cell process or 0 lb by any 
standard empty-cell process. 

83.22. The preservative shall be one of the following grades of creosote 
oil or creosote coal-tar solution as directed by the engineer, or indicated on 
the plans, and shall meet the following requirements: 


1 

('rcosotc oil^ 

('irade ! Grade ! (''rade 

C reosote 
coal-tar 

i 

I 


3 

.S( )1 ution 

1 

It shall not contain water in exte.-. 
')f. 

3 % 

3 % 

3 ‘'0 

3 VI 

It shall nnt contain matter insolu¬ 
ble in benzol in excess af . 

0 .5 Vo 

0 5 ‘■’0 

0 5 '1 

2 '’'0 

Specific gravity of oil at 38 / 15 . 5 '’^. 
shall not be less than. 

I .03 

I .03 

1 .03 

1.05 1 12 

The distillate based on water-free 
oil shall be within the following 
limits up to 2io‘’C., not more 
than. 

5 % 

8 % 

10 % 

5 % 

Up to 23 S'C., not more than. 

The float test of residue above 
3S.S"C. shall not exceed 50 sec. at 
TO^C. if the distillation residue 
above 3 5 5“ exceeds. 

25 % 

35 % 

40 % 1 

2.5 Vo 

5 % 

5 % 

"i. 

26 % 

Coke residue of oil not more than . . . 

a % 

3 % ! 

2 % 

6 % 


The foregoing tests shall 1)C made in accordance with Standard Methods of 
A.S.T..M. Designation 038-18. 

83.23. Meth<^ of Construction.—Treated timber shall be carefully 
handled without sudden dropping, breaking of outer fibers, bruisinig;, or 
IKmetrating the surface with tools. It shall Ik* handled with rope slings. 
Cant dogs, hooks, or pike poles shall not be used. 

83.24. All places where the surface of treated timber is broken by cutting, 
bonng, or otnerwise shall be thoroughly coated with hot creosote oil ana 
then with a coating of hot tar pitch. 

83.25. Pile caps shall be level and have full even bearing on all piles in 
the txmt and be secured to each pile a K"' diameter drift bolt extending at 
least 9'' into the pile. 
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83.36. Truss and bent timbers shall be accurately cut, and framed to a 
close fit in such manner that they will have even bearing over the entire con- 
tac.t surface of the joint. No blocking or shimming of any kind will be 
allowed in making ioints, nor will open joints be accepted. Mortises shall 
be true to size for their full depth and tenons shall make snug fit therein. 

83.37* All bolt holes shall be bored with an augur K smaller in diameter 
than the bolt. Mortises and tenons shall be “draw bored." 

83.38. Stringers shall be sized at bearings. Outside stringers may have 
butt joints but interior stringers shall be framed to bear over the full 
width of floor beam or cap at each end. The ends shall be separated at 
least for the circulation of air and shall be securely fastened to the timber 
on which they rest. 

Where width of stringers is less than one-third of the depth, then two lines 
of 2 by 4 bracing placed at quarter points of span shall be u^e 1. 

83.39. Roadway flour plank shall have a nominal thickne<=^s of either 4 

or 3" as specified, and an actual width of not less than > Sidewalk floor 
plank shall be surfaced to uniform thickness. It shall have an actual mini¬ 
mum width of and thickness of 

83.30. All fl()or plank shall be laid heart side down with openings and 

be spiked to each stringer or nailing strip with at least two 1" spikes for 4" 
plank and two 6" spikes for 3" plank. Rough plank shall be carefully 
graded as to thickness before laying, and be laid so that no two adjacent 
planks vary in thickness more than All floors shall be cut to a straight 

line along the sides of the roadway and walkway. 

83.31. w heel guanls, as shown on the plans, shall be constructed on each 
side of the road. They shall be raised from the floor by blocks 3“ thick by 
i' long, spaced about 5' apart, center to center, and shall be fastened in place 
by a bolt passing through the wliecl guard, each block and floor plank. 

83.33. Railings shall be built in accordance with the designs shown on 
the plans, and shall be constructed in a workman-like ami substantial manner. 
Unless otherwise noted, all railing material shall be dressed on four sides. 

83.33. Ihns may be turned, or split and dr.awn, from clear sound wood of 
the lund specified on the plans. They shall be made (>" longer than the 
required finished length, and when driven into place shall have their ends 
sawed off flush witii tlio surface <-•£ the member. 

83.34. T urned pins shall be made from .square st(.>ck sawed parallel to the 
grain. One end shall be left square fur about i"' and the other shall have a 
dull point. The body of the pin shall be uniform in diameter and 3 ’! larger 
than the diameter of the hole. The finished pins shall be free from knots, 
knot holes, pockets, splits, or flaws which might impair their strength. 

83.35. Split and drawn pins shall be made from straight-grained green 
lumber and be allowed to season. One end shall be hanleued and pointed by 
charring. They shall be octagonal in sh.apc, and when seasoned, the 
<hametcr between parallel faces shall be the same as the diameter of the 
holes in which they arc to be driven. 

83.36. i;< >lts shall be of the sizes specified and must be perfect in every 
icspcct. They shall have square heads and nuts, and screw threads shall 
make close fits in the nuts. All bolts shall be effectually checked after the 
nuts arc arljusted. 

83.37. Washers shall be used between all bolt heads and nuts, and the 
wood. Cast washers shall have a thickness equal to the diameter of the bolt 
and a diameter of four times the thickness. Fur plate washers, the size of 
the square shall be equal to four times, and the thickness equal to one-half 
the diameter of the bolt. 

83.38. Painting Treated Timbers,—Hot creosote oil shall be poured into 
the bolt hole before the insertion of the bolts, in such a manner that the 
entire surface of the holes shall receive a coating of the oil. After the 
necessary cutting has been done to receive the cap, the heads of piles shall 
be given three coats of hot creosote oil. They shall then be covered with a 
coat of hot tar pitch oyer which shall be placed a sheet of three-ply 
roofing felt or galvanized iron, or a covering may be built up of alternate 
layers of hot tar pitch and loose woven fabric similar to membrane water 
proofing, using four layers of pitch and throe of the fabric. The cover shall 
measure at least 6'' more in each dimension than the diameter of the pile, and 
shall be bent dnwm over the pile and the edges fastened with large-headed 
nails, or secured by binding with galvanized wire. After the cover is 
in olace the cap shall be placed and drift bolted as prescribed above. 

83.30. Painting Untreated Timbers.—In structures of untreated timber 
the fcillowing surfaces shall be thoroughly coated with a thick coat of 
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red lead paint, hot tar, hot asphaltum, or hot coal-tar creosote before 
assembling: Heads of piles, end, tops, and all contact surfaces of pile 
caps, floor beams, and stringer ends, mints and all contact surfaces of truss 
members, laterals, and braces. The back face of bulkheads and all other 
timber in contact with earth shall be thoroughly coated with one of the 
materials specified above, or a carbolineum. 

83.40. Unless otherwise specified, railings shall be marie of untreated 
dressed lumber and shall be painted with three coats of paint composed of 
75 ‘"c pure lead and 25 % zinc white by weight, mixed in pure, raw linseed oil. 
Turpentine drier shall be added to the paint in the average proportions of 
H Pt* of dryer to i gal. of paint. 

83.41* .Ml bolts passing through non-resinous wood shall be painted with 
two coats of red lead paint at least 85 % pure. 

83.42. Design Details.—Features of loading are prescribed under design 
details for steel structures. Unit stresses shall be as shown on plans. 

83.43. Method of Measurement.— "Treated timber" and "untreated 
timber" complete in place according to the plans and these specifications 
shall be measured separately by the thousand feet boar<l measure. Measure¬ 
ments shall be computed from the dimensions shown on plans, unless changes 
in such dimensions have been authorized by tlie ci.mneer. "Standard" 
timber sizes shall be used in computations. This measurement shall include 
only such timber as is a part of the completed and accepted work, 
ana shall not include timber used for erection purposes, such as falsework, 
forms, bracing, sheeting, etc. Any piling, concrete, masonry, or any 
supplementary floor wearing tops shown on plans will be measured as 
provided in pertinent specifications. 

83.44. Basis of Payment.— Timber structures complete in place shall be 
paiJ for by the quantities as above measurc<l at the contract unit pric'c per 
thousand feet board measure bid for "untreated bridge timber" or "treated 
bridge timber." as the case may be. complete in place according to the plans 
or as directed by the engineer, w'hich prices shall be full compensation for all 
materials, hardware, eauipment, tools, labor, yininting, preservative treat¬ 
ment, and all incidentals necessary to complete the structure ready for u.se; 
provided, however, that piling, concrete, masonry, and supplemental^' thior 
wearing tops shown on plans shall be paid for as provided in pertinent 
specifications. 

MAINE STATE HIGHWAY COMMISSION. BRIDGE DIVISION 
Soils 

X. Soils.— a. The soils constituting the foundation materials upon which 
bridge abutments, piers, retaining walls, etc., arc commonly placed arc, for 
the purpose of these specifications, divided as follows: 

1. Solid rock. 

2. Loose rock. 

3. Earth. 

3. Solid Rock.— a. All hard-rock material existing in generally solid 
masses, which from the nature of its structure cannot be removed from its 
location without being drilled and blasted or otherwise broken into frag¬ 
ments, shall constitute solid rock. 

3. Loose Rock.— a. All rock material existing in generally broken frag¬ 
ments by reason of having been separated by natural means into fragments 
which are removable from their locations by the use of pickaxs and crow¬ 
bars shall constitute lor>se rock. The drilling and blasting of loose rock to 
facilitate its removal shall not be construed as giving to it the classification 
of solid rock. 

4 . Earth. — a. All soil material other than solid and loose rock occurring 
within the body of material to be removed from excavations for abutments, 
piers, retaining walls, etc. shall be classified as "earth." This classification 
shall include soils intermixed with boulders, loose and cemented sands and 
gravels, hardpan. clay, gumbo, muck, etc. It shall also include wood which 
has become cml>eddcd within the soil by natural processes of time. 

b. Whenever boulders are encountered within the excavations having in 
each boulder a volume of i cu. yd. or more, the contract unit price for loose- 
rock excavation shall apply. 

5. Leveting Ledge Rock. — a. Ledge rock, whether exposed by nature or 
within^ excavated areas shall be leveled to secure satisfactory foundation 
conditions for either concrete or stone masonry, as the engineer may direct. 
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The preparation of ledge rock surfaces to receive stone masonrv shall be 
such as to secure a uniform, even bedding of the imposed stones. ^‘Stilting” 
of stones will not be permitted. In all cases the leveling shall be such as to 
render the substructure secure against sliding. Surfaces worn smooth by 
glacial, water, or other action shall be roughened and if rounded or tilted at 
an angle with the horizontal shall be leveled horizontally as a whole or in 
steps. All “shelly" areas shall be removed and cracks and fissures through 
which water flows shall be calked or otherwise satisfactorily trea^^ed to remove 
the flowing water from the foundation area. All ledge areas shall be thor¬ 
oughly cleaned to secure a proper bond with the stone or the concrete 
masonry placed upon them. 


Bridge Excavation 

6. Excavation.— a. Foundation pits and trenches shall, in general, be 
excavated to the depths shown upon the plans and to such additional depths 
as the engineer may direct in order to secure firm, practically incompressible 
foundations having satisfactory safe load resistance, and to a satisfactory 
<lepth below possible frost action. All pits and trenches in w’hich piles are 
to l>e driven sliall be completed before driving is commenced, and following 
its completicjn. all loose soil and chips, bark or other foreign material shall 
be removed from the excavations before concrete or other substructure 
material is placed therein. 

b. The contractim shall be prepared to sheet the sides of excavations, and 
to put in proper walings, struts, shorings, and braces to protect the same 
from caving. 

c. To provide a working space for the construction of forms for concrete 
or for the laying and pointing of stone masonry an allowance will be made 
for material excavated outside of the base dimensions shown upon the plans, 
on the basis of actual material removed, provided, how'ever, that the maxi¬ 
mum allowance outside of the base dimensions of abutments, piers, columns, 
etc., shall not be greater than the following: 

, For concrete work. .i'6" 

For stone masonry wmrk.2' 6" 

No allowance shall l>e made on account of slope of sides of excavations. 

d. In the removal of the approach embankment of an existing bridge 
structure or of a previous structure the foregoing comlitions governing 
excavations shall apply. Unless otherwise provided in the contract, the 
depth of an approach embankment shall he considered as the distance 
measured from its ton surface vertically dowmward to the top of the original 
ground surface whicn existed prior to the construction of the embankment 
if the latter can be determined by the existence of vegetable mold or other 
satisfactory evidence. In the absence of satisfactory evidence the probable 
original ground surface shall be assumed from .such evidence as the engineer 
may consider reliable and satisfactory. 

7. Excavated Material.— g. All soil material taken from existing approach 
embankments and excavations except such as is acceptable and is required 
and used for backfill around abutments, piers, retaining walls, etc., for the 
filling of approaches, and for construction of embankments, shall be disposed 
of as the engineer may direct. Excavatc<l material shall not be disposed of at 
locations obstructing the stream flow' or otherwise impairing the emciency or 
the appearance of the bridge structure. 

b. Excavated material accepted and used in backfill, in the filling of 
approaches, and in the construction of embankments shall be paid for as 
excavation only when the entire work is performed at one and the same time. 

c. Excavated material acceptable for use in the construction of embank¬ 
ments, in backfill, and in the filling of approaches, permissible, under the 
conditions involved, of being placed therein without intermediate storage 
and rehandling but used by the contractor in the construction of cofferdams, 
protection embankments, or other temporary structures incident to the 
performance and completion of any part of the work shall be regarded as fill 
material and shall be replaced at his own expense. Furthermore, such 
material when wasted by reason of the methods and operations adopted by 
the contractor in the excavation of the work shall likewise be replaced at 
his expense. 

8 . Unwaterlng. —a. The contractor shall at his own expense do all 
unwatering required in connection with the excavation of pits and trenches. 
Pumping shall not be permitted from the inside of forms for abutments. 




1498 


SPECIFICATIONS 


piers, retaining walls, etc., while concrete is being placed therein. Sumps 
may be used within the space between cofferdams and the form worK, 
provided moving water is not permitted to come into contact with fresh 
concrete or concrete that has attained only a “green” set. 

9. Approval of Foundation. —a. Especial care shall be taken not to loosen 
or disturb the soil forming the bottom of an excavation and the final removal 
of material just above the finished foundation elevation shall not be made 
until immediately before the construction of the substructure is commenced. 
Foundation excavations shall be examined and approved by the engineer. 

10. Removal of Cofferdams.— a. All cofferdams, dams, protection 
embankments, etc. used as a means for making excavations shall be removed 
unless otherwise provided, leaving the stream bed clear of obstruction there¬ 
by. Stream bed or other areas excavated or eroded, incident to or resulting 
from such temporary excavation protections shall be carefully backfilled 
to the satisfaction of the engineer. 

11. Measurement of Excavation.—a. All volumes of excavated material 
shall, unless otherwise provifled, be measured in the excavation. However, 
volumes below the depths provided in the contract shall be subject to special 
adjustment, in as far as payment therefor is concerned. 

b. Clearing and grubbing and the removing of existing obstructions from 
the area to be excavated will be considered as included m the contract price 
for excavation. 

FiU 

13 . Backfill, Fill, and Embankment.— a. All materials used for backfill 
around abutments, piers, etc.; for fill m the rear of abutments; an<l for con¬ 
struction of approach embankments, protocti )n emhankments. etc., shall be 
of a quality acceptable to the engineer as such. When tbc material contains 
insufficient moisture to permit thorough compacting, additioiud w'ater for 
this purpose shall Vie add.ed. Material excavated from foundation pits and 
trenches shall Vie used for th.c.'e works, unless otherwise provi<lod in the 
contract or directed by the enrmeer. Ilowevcr, all material so used shall 
be paid for as "Excavation” except in cases where the excavation and fill 
work are net cxecu*cd simultaneously. * 

b. Matenal excawated from foundation pits and trenches anil stored at or 
near the bridge site will, when rehandled and deposited in fdl or embankment 
work, he paid for at the contract unit price or prices per cubic yard for “Fill ” 
but will not be again paid for as “Excavation.” 

c. Material taken from the adjacent roadway for use in the construction 
of fill or embankment will be paid for at the contract unit price or prices 
per cubic yard for “Fill” but will not V>e paid for as "Excavation.” When¬ 
ever considered practicable by the engineer, improvements in the roadway 
alignment and grade shall l>c secured by this means. However, such 
impirovements shall not involve a maximum haul of the material, greater than 
two thousand feet (2000' o") nor shall they include the removal of either 
loose or solid ledge rock except when specially provided in the contract or in 
a subsequent agreement. 

d. All spaces excavated and not occupied by abutments, piers, or otVier 
permanent work shall Ije refilled with earth up to the surface of the surround¬ 
ing ground or to such height as the engineer may direct. All V>ackfill shall 
be thoroughly compacted and, in general, its top surfaces shall be neatly 
graded. 

e. Fill material used in the rear of simple span ami arch aViutments shall 
he deposited in suercssive layers not exceeding 12" in thickness extending 
the full Width of the cros5>section anrl shall wherever possiVjlc, except in 
freezing weather, be comparted by thoroughly saturating or flooding with 
water. In all cases where fill cannot be compacted Viy the use of water, it 
shall be rammed or otherwise compacted a.s trie engineer mav direct. 

/. Fill placed adjacent to culvert and other small structures shall be 
deposited on both sides at the same time and to the same elevation. 

g. Fill shall not be deposited against “green” set concrete; nor shall 
wedge-shaped sections of earth be placed against abutments, wing walls, 
arch spandrels, and retaining walls. 

h. Approach embankments shall consist of filling the approaches to 
bridges, over arches, and around the ends of abutment wing walls to eleva¬ 
tions above the surface of the surrounding natural ground area. 

i. Protection embankments shall consist of earth embankments, usually 
rip-rapped, constructed to secure protection for bridge approaches, stream 
diversions, etc. 
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j. Embankment material shall be deposited in successive layers not 
exceeding 12" in thickness extending the full width of the cross-section, and 
except in unimportant locations each layer shall be thoroughly compacted 
by rolling, ramming, or other satisfactory means. 

k. When embankment material is to be deposited upon a hillside, the 
surface of the hillside area shall be cut into steps, ploughed, or otherwise 
satisfactorily prepared to secure a bond with the new material to be imposed 
upon it. 

l . Material placed behind and over, arches shall be deposited in layers as 
described for embankment work and will be deposited symmetrically from the 
haunches upward until the crown is covered. 

m. Material subject to free erosion, such as loose sand, shall not be 
deposited upon embankment slopes. 

n. The sides of embankments shall, unless otherwise provided by the 
contract plans or required by the engineer, be graded to uniform even slopes 
having a batter of one and one-half horizontal to one vertical (iH; 1). 

o. The sides of all embankments unless protected by rip-rap, brush mat¬ 
tress, or other approved means against stream scour or other erosiv'c action 
shall be seeded to produce a future grass sod protection. The kinds of grass 
seed to be used shall he approved by the engineer. However, the following 
rnixtuie of seed will be used unless otherwise provided; 

45 Ih. timothy. 

14 Ih. red top. 

8 lb. clover. 

6 lb. Japanese millet. 

The seeding of slopes shall be done at periods of the year generally recog¬ 
nized as satisfactory for the development of the sod protection. Whenever 
necessary, in the opinion of the engineer, the development of the seeding 
shall be protected by a “cover crop'* of oats, buckwheat, or other cereal. 

p. The contractor shall be responsible for the stability of all constructed 
embankments and shall, until the work is finally accepted, replace any por¬ 
tions which, in the opinion of the engineer, have become displaced as a result 
of improper workmanship, carelessness, or neglect on his part; or of damage 
resulting from storms, cloudbursts, or other natural causes, not attributable 
to unavoidable slides, distortions, or other movements of the original ground 
underlying the embankment. 

13. Borrow Excavation.— -u. When material removed from excavation pits 
and trenches is unsatisfactory for use in fill and embankment work or is 
insufficient in quantity for the work to be done, the contractor shall obtain 
the necessary additional material by excavating from the adjacent roadway 
or from borrow pits as the engineer may direct. 

b. Wherever the natural contour of the ground surface renders it possible, 
borrow pits shall be so constructed as to provide effective drainage of the 
excavated area. 

c. No "borrow" excavation shall be developed as a "borrow pit" until 
the entire area has l>ccn carefully cross-sectioned. Material removed prior 
to the securing of cross-sections will not be paid for. 

14. Ditches.— a. In the construction t)f approach embankments and 
roadway cuts, special care shall be exercised m locating and constructing 
ditches for the drainage of embankment and cut slopes and the slopes of the 
adjoining areas. In general, ditches shall be located in natural rather than 
in filled ground, and shall divert the water away from the ends of abutment 
wing walls or other locations likely to become injuriously affected by scour. 
When necessary, in the opinion of the engineer, ditches shall be paved with 
hand-laid cobblestones of satisfactory size and quality. 

15. Measurement of Fill. — a . In the measurement of fill, three general 
divisions shall be recognized, viz.: 

1. Backfill sh.all include all fill material placed in front and rear of abut¬ 
ments and retaining walls and around piers required to fill the foundation 
pits and trenches up to the elevation of bed of stream or to the original 
ground surface or to such other lower elevation or elevations as may be 
required by the contract or determined by the engineer. 

2. Approach fill shall include .all fill material placed in the rear of abut¬ 
ments and retaining walls, or upon the roadway emhankmente adjacent to 
the bridge structure required to replace the formerly existing approach 
embankment material removed by the foundation cxc.svation operations, 
together with all material required to increase the width or the height oi 
such approach embankments or to construct new approach embankments. 
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3. Protection fill shall include all fill material required for the construction 
of protection embankments. 

6. Rip-rap protection placed upon the slopes of embankments and in 
front of abutments and retaining walls and around piers shall not be con¬ 
sidered as fill. 

c. Backfill will be paid for at the contract unit price per cubic yard only 
within the limits for which "excavation" is allowed. 

d. AH volumes of backfill, fill, and embankment not secured from excava¬ 
tion pits and trenches as provided in Secs. 70. lb, and 126 shall, in general, 
fete obtained from roadway or borrow-pit excavations. Whenever, by the 
cross-section method, such measurement is impracticable the method of 
measuring shall be such as the engineer may determine. 

Rip-rap 

16. Material.—(a) The material to l>e used for rip-rap protection around 
abutments and piers or at other locations where protection from stre.am scour 
IS required shall consist of clean, sound, and durable rock winch will not 
become disintegrated by the action of water or by exposure to the 
atmospheric elements. Either boulders or quarried rock may be used. 
The size and quality of the stones shall be subject to the approval of the 
engineer. 

ib) In general, rip-rap deposited in the stream bed as protection around 
abutments and piers shall he composed of 50 to 75 ‘0 “two-man stone" or 
larger. The remaining portion shall be graded from the "two-man. ' size 
down to sizes weighing 10 to 15 lb. Stones iHacc<l upon the lower p<*rtif>ns 
of embankment slopes to protect them against stream scour shall generally 
h« composed of stemes of sizes varying from a “one-man" to a "t’.vo-nian" 
size with a comparatively small percentage of stones < f smaller sizes. 

17. Placing.— a. Stones deposited in the stream Ijed shall be well mixed 
as to sizes and when in position shall provide a comparatively unifemm 
protective covering, haring the desired depth and imca. 

b. Stones placed upon end ankment slopes shall, if conditions will permit, 
have the bc<l course placc<i in a trench at the toe of the slope. Tiio face or 
outer course shall be random rubble, hand laid to secure an efficient inter¬ 
locking of all face stones and stones placed as backing. The rlimension of 
outer-courses tones normal to the surface of the embankment sl«<pe shall 
be not less than 6 " and the st<mes shall be l.'ii<l with clo.e joints roughlv 
perpendicular to the slope which shall be filled with spalls and gravel or 
crushed rock. The thickness of the rip-rap layers shall be greater at the 
bottom than at the top. The base course shall be protected by depositing 
rip-rap in front of it. if considered necessary by the enp^ineer. 

18. Measurement. — a. All volumes of rip-rap shall, in general, be deter¬ 
mined from measurements of material in place. Whenever such measure¬ 
ment is impracticable Viy reason < f stream-lxsd conditions, the method of 
measuring shall be such as the engineer may determine. 

Brush Mattress^ 

19. Material.— a. The material to be used in the construction of brush 
mattress for the protection of embankments against stream scour shall 
generally be composed of willow limbs and saplings of sizes adapted to the 
construction of well-compacted ma.s.scs of intertwined elerr.cnts. 

20. Construction.— a. The general dimensions and details of construction 
shall be in accord with the contract phans. 

a I. Placing.—a. Sections of mattress shall generally be constructed and 
put in place at such periods of the year as will permit the willow to take root • 
and thereby become a more pcrfact protection at a later date. The mattress 
sh^l be covered with a layer of topsoil and shall be stayed in position by 
driving anchor s^kes or anchor staples and weighting the mattress with 
stones as the engineer may direct. 

23 . Measurement — a. Brush mattress shall be measured in place,, 
complete, in square yards of top surface area. 

Item 103. Untreated Timber Pliing> 

X03.X. Deacri^on.—This item shall consist of round or square timber 
piles of the kind and dimensions specified, and in conformity with the perti¬ 
nent designated plans. They shall be driven in accordance with these 
deifications in the location and to the elevation shown on plans or as 
oirectcd by the engineer. 

1 State of Maine. 
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I03.a. Except for trestle work, timber piles shall be used only below per¬ 
manent ground-water level. Untreated timber piles shall not be used in 
water which is infested by marine borers. In general, the penetration for 
any pile shall not be less than 10' in hard material and not less than one-third 
the length of .the pile nor less than 20' in soft material. For foundation work, 
no piling shall be used to penetrate a very soft upper stratum overlying a 
liard stratum unless the piles penetrate the hard material a sufficient distance 
to fix the ends rigidly. 

103.3. Material for Foundation Piles.—These piles may be of any species 
which will satisfactorily stand driving. They shall be cut from live, sound 
trees, shall be solid and free from defects, such as injurious ring shakes, large 
unsounii, or loose knots, decay, or other defects which might impair their 
strength or durability. They shall be cut from above the ground swell and 
have a uniform taper and shall be free from short bends. A straight line 
drawn from the center of the butt to the center of the tip shall he wholly 
within the body of the pile. Piles shall be peeled soon afer cutting. All 
knots shall be trimmed closed to the body of the pile. For round piles, the 
minimum diameter at the tip shall be 8", and at the butt shall be 12". The 
maximum diameter at the butt shall be 20". Square piles shall be uniform 
in cross-sccti .>n, not less than 10 by 12" for lengths over 30'. 

103.4. If possible, piles shall be full length. Where the length required is 
greater than is practical to obtain, they may. upon written approval of the 
engineer, be spliced. All splices shall be made in accordance with detail 

t ilans, prepared to meet the special conditions encountered and which shall 
)e approved before the piles arc driven. 

103.5. Material for Trestle Piles and Foundation Piles for Trestle Bents. 
These piles shall meet the requirements for timber Foundation Piles and 
in Jiddition shall be durable timber. The species required will be post oak, 
white oak, red or black cypress, or Southern yellow pine (80 ‘0 heart). 

X03.6. Construction Methods. —Piles shall not be driven until after the 
excavation is complete. Any material forced up between the piles shall be 
removed to correct elevation l>eforc masonrv ft>r the foundation is placed. 
Timber piles shall be driven with a gravity hammer, steam hammer, water 
jets, or a combination of water jets and hammer. The dri\ ing of piling with 
followers shall l>c avoided if practicable, and shall be done under written 
permission of the engineer only. When followers are used, one pile from 
every j^oup of ten shall be a long pile driven vilthout a follower and shall 
be used as a test pile to determine the average l^aring power of the group. 
(?ollars or bands to protect timber piles against splitting and brooming shall 
be provided where necessary. Timber piles shall be pointed where soil 
conditions require it. When necessary, the piles shall be shod with metal 
shoes of a design satisfactory to the engineer, the points of the piles being 
carefully shaped to secure an even and uniform bearing on the shoes. 

103.7. Gravity hammers for driving timber piles shall wei^h not less 
than 2000 lb. and the fall shall be so regulated as to avoid injury to the 
pile, and in no case shall exceed 20'. Piles shall be driven with a variation 
of not more than K" per foot from the vertical or from the batter line 
indicated. All piles raised during the process of driving adjacent piles shall 
be driven down again if required by the engineer. 

103.8. When required, the size and the numl)cr of piles shall be determined 
by actual loading tests. In general, these tests shall consist of the applica¬ 
tion of a test load placed upon a suitable platform supported by the pile, 
together with suitable apparatus for accurately determining the super¬ 
imposed weight an<l the settlement under each increment of load. The safe 
allowable load shall be considered as 50 % of that load which, after 48 hr. 
application, causes a permanent settlement, measured at the top of the pile, 
ot not more than ki'. At least, one pile of each group of 100 piles shall be 
thus tested. 

XO3.0. Timber Piles.—In the absence of loading tests, the safe bearing 
values for timber piles shall be determined by the following formulas: 


P » -for gravity hammers 

6 + 1-0 

P «■ .for single-acting steam hammers 

.!> -r o. I 

pi mm —^ - - - for double-acting steam hammers 

6 -f- 0.1 

* Not®.—B etter formula given on page 1340. 
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svhere P ■» safe bearing power, in pounds. 

IV » weight, in pounds, of striking parts of hammer. 

H — height of fall, in feet. 

A ■» area of piston, in square inches. 

p » steam pressure, in pounds per square inch. 

5 ■» the average penetration, in inches per blow, for the lust s to lo 
blows for gravity hammers and the last lo to ao blows for steam 
hammer. 

103.10. The above formulas are applicable only when: 

(a) The hammer has a free fall. 

(b) The head of the pile is free from broomed or crushed wood filler. 

(t) The penetration is at a re.asonably qvuck and uniform rate. 

((/) There is no sensible bounce after the bh)w. Twice the height of the 
bounce shall be deducted from H to determine its true value in the formula. 

103.1 X. The bearing powers of timber piles, as determined by the fore¬ 
going formulas, shall be considered elTcctivc only when they arc less than 
the crushing strengths of the piles. In general, piles shall lie required to 
develop a bearing capacity of not less than 15 nor more than 25 tons. How- 
ev'er. the character of the soil penetrated, conditions of driving, distribution, 
sizes and lengths of the piles involv-ed. and the computed load per pile shall 
be given due consideration in determining the reliability of driven pile. 

103.12. In case w'atcr jots are used in connection with the driving, the 
bearing power shall be determined by the above formulas, from the results 
of driving after the jets have l)cen withdrawn, or a load test may be applied. 

103.13. The tops of foundation piles shall be embedded in the concrete 
footing at least i\ and where seals of concrete deposited in %vater are used 
with piles, the piles shall project at least i' above the top of the seal concrete. 
They shall be cut off level at such elevation that the tops of the piles will 
be always wet. 

X03.i4'> Foundation piles for framed bents shall be cut off level approxi¬ 
mately 3' above the .sutiface of the ground and the cap rigidly secured to each 
pile by drift bolts extending at least o" into the pile. 

103.15. Trestle piles shall be cut off level at the elevation on the plans and 
the caps secured as dcscrilxid above. If the cut-off is 10' or more above the 
ground line, timl>er piles shall l>e braced by di.igrmal cross-bracing composed af 
3 by lo'^ timl^ers, secure<l to the lines by J4" diameter through bolts. 

X03.16. In bents of untreated piles the hc.ads of the piles shall be 
thoroughly coated with a thick protective coat of red-lead paint, hot tar, 
tar aspnaltum, or hot coal-tar creosote before the caps are placed. 

X03.17. The tops of all piling .shall be sawed to a true plane as shown on 
the plans, and at the elevation fixed by the engineer. Files which support 
timber caps or grillage work shall l)e sawed to the exact plane of the super¬ 
imposed structure and shall exactly fit it. broken, split, or misplaced piles 
shall be drawn and properly replaced. Piles driven below the cut-off 
grade fixed by the engineer shall be withdrawn and replaced by new and, if 
necessan^, lonijjer piles, at the expense of the contractor. 

X03.X0. Basts of Payment. —All piling left in place in the structure will be 

? aid for at the contract unit price bid per linear foot for Untreated Timber 
'ilin|f complete in place, which price shall be full compensation for furnishing 
all piling, all materials, cauipment, tools, labor, and incidentals necessary 
to complete the work. No allowance will be made for falsework piling. 
Payment will be made at this price for only the actual numlier of feet of 
piles left in place in the completed work, and no allowance will be made for 
any piles which are not driven in accordance with the specifications, or as 
ordered by and made acceptable to the engineer. 

Item 104. Treated Timber Piling^ 

X04>x. Description.—This item shall consist of round r>r square treated 
timber piles of tne kind and dimensions specified and in conformity with the 
pertinent designated plans. They shall r>c driven in accordance with these 
specifications in the location and to the elevation shown on the plans or as 
directed Iw the engineer. 

104.2. Materials.—Requirements for treated foundation piles, treated 
trestle piles, and treated foundation piles for trestle bents shall be identical 
with the corresponding requirements for untreated timber piles with the 
additional requirements following: 

1 Texas. 
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104.3. Piles shall be treated with the creosote oil or creosote coal-tar 
solutions prescribed in the specifications for Timber Structures. The ranges 
of pressure, temperature, and time duration of treatment shall be controlled 
so as to result in maximum penetration of the quantity of preservative 
injected, which shall permeate all of the sapwood and as much of the heart- 
wood as practicable. For general construction, not in sea water, piles shall 
l^e treated to retain not less than 12 lb. of the preservative per cubic foot of 
wood by any full-cell process, or not less than 8 lb. by any standard empty- 
cell process. 

104.4. Construction methods for treated timber pilini? shall be identical 
with those prescribed for untreated timber piling. The tollowing additional 
requirements apply to treated timber piling: 

104.5. Treated piles and timbers shall be carefully handled without sudden 
dropping, breaking of outer fibres, bruising, or penetrating the surface w’ith 
tools. They shall be handled with rope slings. Cant dogs, hooks, or pike 
poles shall not be used where such tools will penetrate into the untreated 
wood. 

104.6. After the necessary cutting has been done to receive the cap, the 
heads of piles shall be given three coats of hot creosote oil. They shall then 
be covered with a coat of hot tar pitch, over which shall be placed a sheet 
of three-ply roofing felt or galvanized iron, or a covering may be built of 
alternate layers of hot tar pitch and loose w'oven fabric, similar to membrane 
waterproofing, using four layers of pitch and three of the fabric. The cover 
shall measure at least 6'' more in each direction than the diameter of the pile, 
and shall be bent down over the pile and the edges fastened wfith large- 
headed nails, or secured by binding with galvanized wire. After the cover 
is in place the cap shall be placed and drift bolted as prescribed. 

104.7. All places where the surface of treated piles or timbers is broken by 
cutting, boring, or otherwise shall be thoroughly coated with hot creosote 
oil ana then with a coating of hot tar pitch. Hot creosote oil shall be poured 
into the bolt holes before the insertion of the bolts in such manner that the 
entire surface of the holes shall receive a coating of the oil. 

104.8. Basis of Payment.—All piling left in place in the structure will be 
paiil for at the contract unit price bid per linear foot for Treated Timber 
rilint? complete in place, which price shall be full compensation for furnishing 
all piling, all treating, all matcri.als. equipment, tools, labor, and incidentals 
necessary to complete the work. No allowance will be made for falsework 
piling. Payment will be made at this price for only the actual number of 
feet of piles left in place in the completed work, and no allowance will be 
made for any piles which are not driven in accordance with the specifica¬ 
tions, or as ordered by and made acceptable to the engineer. 

Item 105. Precast Concrete Piling> 

105.1. Description.—This item shall consist of piles precast of Portland 
cement concrete made and reinforced in accordanre with these specifications 
and in conformity with the pertinent designated plans. They shall be 
driven in accordance with these spieciftcations in the location and to the eleva¬ 
tion shown on the plans or as directed by the engineer. 

105.3. Materials and Design.—All concrete materials and their prepara¬ 
tion and placing shall l>e in accordance wuth the requirements for Class /> 
concrete. (All coarse aggregate to pass a ring.) It shall be the charge 
of the contractor to order materials for and cast and manufacture the requi¬ 
site lengths and amount of piling to complete the required structure or work. 

105.3. Precast concrete piles may l>c square, circular, or octagonal in 
section. If a square section is employed, tne corners shall l>e chamfered at 
least i". Piles shall preferably be cast with a driving point and for hard 
driving shall preferably be shod with a metal shoe of approved pattern. 
Piling ma>[ be either of uniform section or tapered as desired. Tapered piling 
shall not, in general, be used for trestle construction except for that portion 
of the pile which lies below the ground line; nor shall tf^red piles be used 
in any location where the piles are to act as columns. In general, concrete 
piles shall have a cross-sectional area, measured above the taper, of not less 
than 140 sq. in. and, when they are to be used in salt water, they shall have 
a cross-sectional area of not less than 330 sq. in. 

Z05.4. The length shall not exceed 30 times the average diameter for 
piles driven tlifough firm soil, and shall not exceed 15 times the average 
diameter for piles driven to rock through loose, wet soil, or filled ground. 

' Texas. 
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When lateral support is deficient so that the piles act as columns, they shall 
be designed as columns. 

105.5. Reinforcement shall conform to the requirements for reinforcing 
steel of these specifications, and the weight and dimensions shall be as shown 
on plans. 

105.6. Reinforcement for precast concrete piling shall consist of longi¬ 
tudinal bars in combination with lateral reinforcement in the form of hoops 
or spirals. The longitudinal reinforcement shall be nut less than i % and 
preferably not less than iH % of the total cross-section of the pile. The 
reinforcement shall be placed at a clear distance from the face of the pile of 
not less than 2*' and. when the piles are for use in salt water or alkali soils, 
this clear distance shall be net less than The driving point and also the 
top of the pile shall be protected against impact by means of si>ecial spiral 
winding or bands designed I r this purpose. The reinforcing system shall 
preferably be of the “unit" type, rigidly wired or fastened at all intersections 
and held to true pfisition in tiic forms by nicans of concrete blocks or other 
suitable device. Where piles exceetl 55' in length, additional longitudinal 
reinforcement shall be added throughout the central onc-third of the length. 
Piling under ret.aining walls, abutments, etc., shall be designed to withstand 
the lateral stress induced. 

105.7. Where waterproofing is to be used, special specifications will be 
given and the work shall be m accordance therewith. 

105.8. Forms shall be accessible f'T tampinjj and consolidation of the 
concrete. Under goofl weather-curing comhtions, side forms may be 
removed at any time not Ic-^s tr.an 24 hr, subsequent to placing concrete, 
but the entire pile shall remain Mii>ported for at least 7 days, and shall not 
be subjected to any handling stress until the concrete has set for at least 21 
days, and for a longer perujd in cold weather, the additional time to be 
determined by the engineer. 

105.9. Casting.—lulling may l>e cast in either a vertical or a horizontal 
position. When vertical forms are used, special care shall be e.xercised to 
puddle and tamp the concrete around the reinforcing and to avoid the 
formation of stime pockets. When horizontal forms are used, the piles 
shall not be cast m tiers. 

105.10. During the placing of concrete, the forms shall lie vibrated by 
tapping with a hammer of woo<lcn maul. Concrete shaH be placed continu¬ 
ously in each pile and shall be carefully spa<led. puddled, and tamped, data 
marked, special care being exerci'>Ofl to avoid horizontal i>r diagonal cleavage 
planes, and to see that the reinforcement is properly embedded in the 
concrete. 

105.11. Finish. —As soon as the forms arc rernovcfl, concrete piles shall 
be carefully pointed with 1:2 mortar, filling up ail lavities or iiregularities. 

105.12. Trestle piling exposed to view shall i>e finished above the ground 
line in accordance with the provisions governing the finishing of concrete 
columns. Foundation piling, that portion of trestle piling which will be 
below the ground surface, and piles lor use in sea water or alkali soils, shall 
not be finished except by pointing as above set forth, 

105.13. Curing. —Concrete piles shall be cured in accordance with the 

5 cneral provisions governing the curing of concrete as elsewhere provided. 

ls soon as the piles have set sufficiently to permit, they shall be removed 
from the forms and piled in a curing pile separated from each other by wood 
spacing blocks. No pile shall \)C driven until it has set for at least 30 days, 
and in cold weather for a longer period, as determined by the engineer. 
Concrete piles for use in sea water or alkali soils shall be cured for not less 
than 60 days before t>cing used. 

X05.14. Storage and Handling of Precast Concrete Piling. — For precast 
piles, the method of storing and handling shall be such as to eliminate the 
danf^er of fracture by impact or undue bending stresses, in curing or trans¬ 
porting the piles from the molds and into the leads. In general, concrete 
piles snail be lifted by means of a suitable bridle or sling attached to the pile 
at points not over 20' apart. In no case shall the methods of handling be 
suen as to induce stresses in the concrete of more than 650 lb. compression 
per square inch or in the reinforcing steel in excess of 12,000 lb. per square 
inch, allowing 100 % of the calculated load for impact and shock effects. 

10515- In handling piles for use in sea water or alkali soils, special care 
shall be exercised to avoid injury to the surface of the pile. 

105.16. Concrete piles when properly designed, constructed, and placed 
may be subjected to loads as actermined by tests or formula, but not to 
exceed 300 lb. per sr^uarc inch of total cross-section at the smallest effective 
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point and generally not to exceed 25 tons per pile with a maximum limit of 
30 tons per pile. 

105.17. Construction Methods. —Requirements for equipment and driving 
large concrete piles will be covered special specifications. 

105.18. Hammers for Concrete Piles. —Concrete piles preferably shall 
be driven with steam hammers. Double-acting steam hammers for this 
purpose shall develop an energy per blow at each full stroke of the piston of 
not less than 12,000 ft.-lb., except that in sandy material when used in 
combination with a suitable water jet having a pressure of 12s lb. per square 
inch at end of nozzle the above requirements may be modified. 

105.19. Gravity hammers, when their use is permitted, shall weigh not 
less than the weight of the pile and the maximum drop shall not exceed 8'. 

105.20. Water Jets.—Water jets may be used, either alone or in combina¬ 
tion with a hammer. The volume and pressure of the water at the jet 
nozzles, and the number of jets used, shall be sufficient freely to erode the 
material adjacent to the pile. 

105.21. If water jets and a hammer are used for driving, the jets shall be 
withdrawn and the piles shall be driven by the hammer to secure the final 
penetration. This procedure may be varied if the desired results are not 
obtained. 

105.22. Piles shall l>c driven with a variation of not more than per 
foot from the vertical or from the batter line indicated. 

105.23. Loading Tests.—When required, the size and the number of 
piles shall be determined by actual loading tests. In general, these tests 
shall consist of the application of a test load placed upon a suitable platform 
supported by the pile, together %viih suitable apparatus for accurately deter¬ 
mining the supenmjioscd weight and the settlement of the pile unrlcr each 
increment of load. The safe allowable load slial' be considered as 50 % of 
that load which, after .^8 hr. application, causes a permanent settlement, 
measured at the top of the pile, of not more than y^". At least one pile 
for each group of too piles shall be thus tested. 

XOS.24* Concrete Piles.—In the ab.sence of the loading tests, the safe 
Ix-Mring values for piles shall be determined by the formulas given for timber 
piling fp. IJ40)' 

105.26. In case water jets are used in connection with the driving, the 
beanng power shall be determined by the above formulas from the results 
of driving after the jets have liecn withdrawn, or a load test mav be applied. 

105.27. Concrete Piles.—The bearing values for concrete piles shall be 
determined by means of the loading tests above specified. The formulas 
specified above for timber piling may be used as a rough approxin.ation for 
precast concrete piles. 

X05.28. \yhcn required, the contractor shall drive test piles of a length and 
at the location designated by the engineer. These piles shall be of greater 
lenijth than the length assumed in the design in order to provide for any 
vanation in soil conditions. 

X05.29. Jetting piles shall extend to a good .solid stratum. Their carr>’ing 
capacity snail be determineil by actual tests or, if driven wnth the aid of a 
jet and for the last five blow's of the gravity hammer or last twenty blows 
of the steam hammer, driven without any jet, the same formula may be 
applied as in the case of driven piles. 

105.30. Extensions, splices, or "build-ups” on concrete piles generally 
shall be avoided but vvhen necessary they .shall be made as follows: 

X05.31. After the driving is completed, the concrete at the end of the pile 
shall be cut aw'ny, leaving the reinforcing steel exposed for a length of 40 
diameters; the final cut of the concrete shall be perpendicular to the axis of 
the pile. Reinforcement similar to that used in the pile shall be securely 
fastened to the projecting steel and the necessary form work shall be placed, 
care being taken to prevent Icakaj^ along the pile. The concrete shall be 
of the same quality as that used originally in the pile. Just prior to placing 
concrete, the top of the pile shall be thoroughly wetted and covered with a 
thin coating of neat cement. The forms shall remain in place not less than 
7 days and shall then be carefully removed and the entire exposed surface 
of the pile finished as above specified. 

105.32. Methods of Measurement. —Only the actual number of linear 
feet of accepted piles left in place of the completed work shall be measured. 
No allowance wifi be made for cut-offs or any unaccepted footage. ” Build¬ 
ups” constnictcd as required shall be measured as piling, provided that no 
allowance shall be made for “build-ups” which are necessary by damage to 
the piles during driving. 
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105.33. Basis of Payment —The piling measured as provided above will be 
paid for at the contract unit price bid per linear foot of Precast Concrete 
Piling, which price will be full compensation for furnishing all materials, 
equipment, labor, and incidentals necessary to complete the work, except 
that test piles ordered but not used in the work be paid for as extra work. 

Item 106. Cast-in-place Concrete Piling^ 

106.1. Description.—These piles shall consist of a metal shell driven in 
the location and to the elevation shown on the plans, which shall remain in 
place, and concrete cast in place in the shell, all as prescribed in these 
specifications. 

106.3. Materials and requirements for concrete and reinforcing steel 
shall be the same as prescribed for Precast Concrete Piling, wdth the addi¬ 
tional requirement that m all cases the reinforcement shall be of the unit 
system, ngidly fastened together and lowered into the shell. No loose bars 
will be permitted. 

106.3. Metal Shells.—The metal shall be of a sufficient thickness and 
reinforced to such an extent that it will hold its original form and show no 
signs of distortion after the ore has been withdrawn. The design of the 
shell shall be submitted to and approved by the engineer before any driving 
is done. After the shell has been driven and the core withdrawn, it shall 1 )C 
inspected and apprr)ve<l before any concrete is placed. No payment will 
be made for any shell w’hicli has been improperly ciriven, is broken, or other¬ 
wise defective, and. if necessary, any such shell shall be removed and 
replaced. 

1(^.4. Construction Methods.—No concrete shall be placed until all 
driving within a radius of 15' has been completed, or until all the shells for 
any one bent have been completely driven. If this cannot l>c done, all clriv- 
ing within the above limits shall be discontinued until the concrete in the 
last pile cast has set at least 7 days, and no load shall be allowed on any pile 
cast less than 7 days, 

106.5. Concrete shall be placed continuously in each pile, care l)eing used 
to fill every part of the shell and to work concrete around the reinforcement 
without displacing it. No concrete shall be placed in shells containing an 
accumulation of water. 

106.6. Method of Measurement.— Only the actual number of linear feet 
of accepted piles left in pKice in the completed work shall be measured. No 
allowance will be made for cut-offs or any unaccepted footage. 

106.7. Basis of Payment.—The piling measured as provided above will 
be paid for at the contract unit price bid per linear foot for Cast-in-place 
Concrete Piling, which price will In* full compensation for furnishing and 
driving the shells, for all materials, equipment, labor, and incidentals 
neccs.sary to complete the work, except that test piles ordered but not used 
in the work will be paid for as extra work. 

Item 107. Plain Rip>rap* 

107.1. Description. —This item shall consist of a protective course or 
layer of “one-man” stone laid on slopes and at such places as shown on the 
plans or as designated by the engineer, and fillecl with spalls, and shall l>e 
constructed in accordance with these specifications and in conformity with 
the depth of course and other details shown on the pertinent cross-scction.s. 

107.3. Material.—The “one-man stone” shall be free from structural 
defects, of approved quality, not less than Vi cu. ft. in volume, and not les.s 
than 3" thick. The width of the stones shall not be less than twice the 
thickness. The spalls shall be of material of similar quality. 

X07.3. Construction Methods. —Slopes, where rip-rap is used, shall be no 
steeper than the angle of repose, unless otherwise indicated or directed. 
The stone shall lie bedded, one against the other, with the ends in contact. 
The spaces lictwecn the larger stone shall be filled with spalls of suitable size, 
and all spalls shall be rammed thoroughly into place. The finished surface 
of the rij^rap shall present an even, tight surface true to the lines, grades, 
and sections given. 

107.4* Method of Measurement —This item shall be measured by the 
square yard complete in place. The measurement shall be made parallel 
to the face and not necessarily horizontally. 

X07.5. Basis of Payment.—The yardage of completed and accepted work 
measured as provided above sbalT be paid for at the contract unit price 
1 Texas 
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bid per square yard for Plain Rip-rap, which price shall be full compensation 
for turnishing and hauling all material, for all quarrying involved, for all 
labor, equipment, tools, and incidentals necessary to complete the work. 

Item Z08. Grouted Rip-rap* 

108.1. Description. —This item shall consist of a protective course or 
layer of “one-man” stone laid on slopes and at such places as shown on the 
plans or as designated by the engineer, and grouted, and shall be constructed 
in accordance with these specifications, and in conformity with the depth of 
course and other details shown on the pertinent cross-sections. 

108.3. Material. —The “one-man stone” shall be free from structural 
defects, of approved quality, not less than Mo cu. ft. in volume, and not less 
than 4" thick an<i 5" wide. 

108.3. Construction Methods. —Slopes, where rip-rap is used, shall be no 
steeper than the angle of repose, unless indi( ate<l or directed. The stone 
shall 1 )C lx;dded, one against the other, with the ends in contact. 

108.4. Application or Grout Filler. —After the stones have been tamped, 
inspected, and approved, the spaces between the stones shall be filled with 
cement grout consisting of i part Portland cement and 2 parts approv'ed 
sand. 

108.5. Method of Measurement. —This item shall be measured by the 
square yard complete in place. The measurement shall be made parallel 
to the face and not necessarily horizontally. 

108.6. Basis of Payment. —The yardage of completed and accepted work 
measured as provided above sliall be paid for at the contract unit price bid 

f >er square yard for Oroutod Rip-rap. which price shall be full compensation 
or furnishing and hauling all material, for all quarrying involved, for all 
labor, equipment, tools, and incidentals necessary to complete the work. 

Item B-6 (L, & U.).—Loaded and Unloaded Test Piles* 

I. Description. — (a) Loaded tost jiiles shall consist of loading any type 
of pile with twice the loading specific'! on the plans. Loaded test piles will 
iKi driven w'hcre directed by the engineer and in accordance with these 
speciiications. 

(h) Unloaded test piles shall be of timber and of the same cross-section 
as the pihnp called for on the plans. It shall be of such length and shall be 
driven as directed by the engineer. 

Both types of test piles shall In? 'Irivcn with the same equipment that is 
to be used by the Contrac t'ir in driving the piles called for on the plans. 

a. Excavation.~All excavati-m of the foundation, if any, shall be com¬ 
pleted l>efore driving is commenced in accordance with the specifications 
f‘r the particular type of piling used. 

3. Method of Testing, (u) Loaded Te^t Pile ’!.—After the pile of the type 
specified by the engineer has been driven in accordance with the require¬ 
ments of the specifiv'ations for that type, it shall be loaded. The loading 
material shall lie of any kind approved by the engineer. The loading plat¬ 
form or box shall bo so constructed that readings may be taken directly on 
tlic pile. This platform or box shall l>c so built as to carry safely, in the 
opinion of the engineer, an amount of the approved material equal in weight 
fo twice the loading shown on the plans. Before the platform or box is 
constructed, any split or broomed portion of the pile shall be cut off, leaving 
a sound surface to support the box. 

The loading material shall be applied gradually, as directed by the 
engineer, and shall be so placed that at all times the lo.ad will be concentric 
with the pile. The loading material shall be placed within, usually, 24 hr. 
after the pile is driven, unless otherwise directed by the engineer. 

The capacity of any pile so tested shall l>c considered equal to one-half 
the load carried by the pile without exceeding a total i>crmanent settlement 
of in 48 hr., unless otherwise specified by the engineer. 

(6) Unloaded Test Piles. —Piles of this type shall l>c driven in accordance 
with the specifications for the particular type of piling shown on the plans. 
The piles shall l>c driven until the capacity as determined by formula is 
equal to that shown on the plans, or until the required ixMictration is obtained, 
unless otherwise directed by the engineer. The length of piles driven 
shall be as determined by the engineer. In case it is necessary, as deter¬ 
mined by the engineer, to jet any piles, it shall be done as specified under 
Untreated and Treated Timber Piling, 

< Texas. 


9 North Carolina. 
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4. Basts of I>ayxnent. (a) Loaded Test Piles. —This work shall be paid 
for at the contract unit price for Loaded Test Piles. This price will include 
all materials, equipment, tools, labor, and work incidental to constructing 
the platform or box. procuring and placing the loading material, removing 
both the platform or box and material, and disposing of same as directed 
by the engineer. The piling test will be paid tor in accordance with the 
Basis of Payment for the particular tyi>e of piling used. No payment will 
be made for test loadings made or test piles driven that are not m accordance 
with these specihoations or as directeil by the engineer and accepted by him. 

(^) Unloa led 'l est /’dr?.—This work will be paid for at the contract unit 
price f^r Unloaded Test Pi^cs c-'-mplete in place. This price will include 
all materials, equipment, to^ds. jetting, labor, and work incidental thereto. 
No payment will be made f »r test piles driven that are not in accordance 
with these specifications or as directed by the engineer and accepted by him. 

Item B-7. Sheet Piling' 

1. Description.—This specification covers only such sheet piling as is 
showm on the plans or is ordered by the engineer to be left in place so that 
It becomes a part • f the finished structure. 

2. Material.-“The timl>er. unless otherwise dehnitelv noted upon th.e plans 
r>r specif ed. may con'=ist of any species whicli will satjsfactorilv stand driving. 
It shall be sawn or hewn with square corners ami shall be free from worm 
holes, loose knots, winrl shakes, decayed or unsound portions, or other 
defects wh.ich might impair its strength or tightness. 

The piles shall be of the tliickncss specifed or tlirected and shall be pro¬ 
vided w'ith tongues and grooves of ample proportions, either cut from the 
solid material or made by building up the piles of three planks securely 
fastened together. The piling shall be drift shaipencd at their lower ends 
so as to wedge the adiacent piles together tightlv. 

3. Construction,—The tops of the piles shall he cut off to a straight line 
at the elevati on indicated an I shall be braced with a waling strip, properly 
lapped and j-'iined at all splices and corners. The wales shall preferably Ikj 
in one length bctw’een con^.ers and shall be bolted near the top of each pile. 
When in contact with a concrete footing, the waling strip shall he placed 
upon the outside of the pdes at such an elevation that it can lj>e braced wdth 
steel tie rods embedrled in the concrete f triitng. 

4. Driving.—Sheet piling shall be driven with either a maul, sledge, 
gravity, or steam harnmer. as approved by the engineer. In case it is nef'cs- 
sary, in order to obtain the penetration required, the piling shall be jetted. 

5. Basis of Payment.— Payment wnll be made at the contract price per 
thousand feet, board measure, for Sheet Piling, which price will include the 
cost of furnishing, driving, anfl cutting off such piles as are required. Pay¬ 
ment will l>€ mu'ide only for that portion remaining in place and no allowance 
will be made for material cut off, or for any piling that is not rlrivcn in 
accordance with these specifications, or as directed by the engineer and 
accepted by him. 

Concrete Materials and Construction* 

1. Composition.— (a) Crmcretc for culvert and bridge structures shall be 
composed of Portland cement, water, sand aggregate, and strme aggregate 
mixed and placed by such means and in such manner as to produce in the 
finished structures a conglomerate mass having uniform texture and .strength. 

Materials 

2. Cement.-;— (a) All Portland cement used shall fulfil the physical and 
chemical reouirements of the U. S. Bureau of Standards, Circular 33, and 
the A.S.T.M. Standard Spccificalions and Tests for Portland Cement 
(Serial Designation Cq-ij), wdth any subsequent amendments and additions 
thereto adopted by the Society. 

(6) All cement shall be delivered in suitable packages with the brand and 
the name of the manufacturer plainly marked thereon. All cement shall 
be dry and free from lumps. Except when otherwise provided, the cement 
for any given structure shall nf only one brand and produced by a single 
mill. All cement shall be sampled after delivery. 

(c) All cement shall be r.torcd in weatherproof buildings having the floors 
prop^ly blocked or raised from the ground to prevent absorption of moisture. 
Provision for storage shall be ample, and the shipments of cement as received 
* North Carolina. > Stale of Maine. 
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shall be separateljr stored in such a manner as to provide easy access for 
identihcation and inspection of each shipment. The use of cement damaged 
by weather shall not be permitted, anti all damaged cement from whatever 
cause shall be removed immediately from the worlc. 

3. Sand Aggregate. —(ti) The sand aggregate for concrete shall consist of 
hard, tough, preferably silicious materialj clean, free from mineral or other 
coatings, lumps, soft particles, clayey oust, “clay balls," loam or other 
deleterious vegetable or mineral matter. Tlie particles shall Ije well graded 
from a size that will pass a “standard" sieve having four meshes per linear 
inch to a size retained upon a “standard" sieve having 100 meshes per linear 
inch. Not more than 2 SVo and not less than 15% shall pass a “standard” 
sieve having 50 meshes per linear inch, or a “Tyler” sieve having 48 meshes 
per linear inch. 

(6) Sand shall not contain more than 5% by weight, of sandy dust 
(material passing a 100-rncsh sieve), and not more than 3%, by weight, shall 
be removable by the clutnation test. 

{<■) Mechanical analysis of the grading shall be made from carefully pre¬ 
pared saTTijilcs taken by the method of quartering. 

iii) I'hc presence of deleterious organic impurities in sand shall be tested 
anfl dcterrmncii by the “ Abrams-Hardcr” field test. 

(r) St''lie screenings may, at the option of the engineer, be used as sand 
aggregate either alone or in combination with sand. 

(f) The particles of stone shall be generally angular and shall be uniformly 
graded from a size tliat will pass through a revolving screen having circular 
openings Jjj'' m diameter to a size that will be retained upon a “standard" 
sieve having 100 meshes per linear inch. StT.e screening shall not contain 
more than 5^0 of hnc crusher dust (material passing a loo-mesh sieve). 
Screenings sliall ha\’e been pnjduccd from strong, tough, and durable rock 
having a Frer.ch cocilicient of wear of not less than 0, and shall be free from 
thin, elongated, or laminated particles, dismtegratc<l rock, tine clayey dust, 
loam, or other deleterious vi'get.ible or mineral matter. 

4. Stone Aggregate.— (a) The stone aggregate f-'f concrete shall consist 
of particles of hr-'Ken stone or i*f gravel originating from uniformly strong, 
tough, and durable rock having a French coelTiciont of wear of not less than 
6 and shall 1)C free from elongated aiul laminated particles, disintegrated rock, 
fine clayey dust, l<>am. <)r other dcleteru-us vegetable or mineral matter. 
Tlie grading <.f the p.irtieles fr<un coarse to tine shall be appri^ximately uni¬ 
form, the ma.ximum size dcfiending upon the character and details of the 
work to Ix! constructed. The volume >>f the concrete mass, location and 
spating of rcinfoning steel, height of forms, etc., shall l>e considered in 
uetermming the ma.ximum size or sizes of the stone ag^^regate. However, 
the following sizes passing screens having circular openings are generally 
applicable; 


Structure Size of Screen 

Mass concrete 2' and over in thickness or depth. 2^-3", 

Mass concrete under 2' in thicknes.s or depth.. . 

Reinforced-concrete walls 2' or more in thickness wuth reinforcing 

metal 0 " or more apart. . 2^" 

Reinforccd-concrctc walls 10" to 2' in thickness with reinforc¬ 
ing metal 3 to 6" apart. ;••••. . 

Reinforced-concrete walls under 10" in thickness. 

Rcinforccd-concretc beams, girders, and spandrel arch ribs with 

reinforcing steel spaced 2" in clear between bars. 

Reinforccd-cctncrete beams, girders, and spandrel arch ribs with 

reinforcing steel spaced under 2" in clear between bars. 

Rcinforced-concretc briilge floors and bridge sidewalk slabs. 


Reinforccd-concrctc columns, plain. 


Reinforced-concrete coiumns, fiooped. 

Bridge hand rails and balustrades. ^4-1" 

Concrete placed under water. 


2" 


(6) The minimum size of particles shall be that retained upon a sieve 
having four meshes per linear inch. 

(tf) Broken stone shall contain not over 5%, by weight, of clean crusher 
dust. Gravel shall contain not over s%. by weight, of sand aggregate 
(material passing a sieve having four meshes per linear inch), and snail be 
free from mineral or other coating. 

5. Premiied Aggregate. —(a) rremixed aggregate in the form of pit or 
bank-run gravel shall oe used instead of separate sand and stone aggregates 
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only when permitted by the engineer, in writing. Its granulometric compo¬ 
sition and other physical properties shall conform to the requirements for 
Its sand and stone contents when considered independently. Frequent 
tests shall be made to determine the relative proportions of sand and stcne 
aggregates and the granulometric composition of each. Irregularities 
may, at the option of the engineer, be corrected by the addition of sand or of 
stone aggregates, as conditions may require to secure a satisfactory material. 
Irregularities rendering it impracticable to secure a satisfactory combined 
aggregate shall be considered ample reason for discontinuing the use of 
premixed aggregates and for requiring that such material be screened and 
used as separate sand and stone aggregate. 

(b) Premixed aggregate containing an inadequate proportion of stone 
aggregate may, at the option of the engineer, be used in concrete, provided 
the contractor will undertake, in writing, to provide at his own expense the 
additional quantity of cement required to produce concrete having the 
strength of the grade contemplated m comparison with the quality required 
for a i: 2 relation of sand and stone aggregates. The contractor shall also 
bear the expense involved in making the laboratory tests required for the 
determination of the premixed aggregate relation. 

6. One-man Stones.—(o) One-man stones to be used in nibble or Cyclo¬ 
pean concrete and as bond or dowel stones in construction joints shall consist 
of angular fragments of tough, dense, and durable rock, having a French 
coefficient of wear of not less than 6. They shall be free from seams or 
other structural defects, foreign substances, and coating of any character. 
In general, the maximum size of the stones shall not exceed that which one 
man can lift and readily move about, while the minimum shall not include 
stones measuring less than 6" in their shortest dimension. 

7. Water.— (a) All water used m concrete or used for curing concrete 
shall be subject to the approval of the engineer. It shall be fresh, reasonably 
clear and free from oil, acid, alkali, and vegetable matter, or other deleterious 
substances. 

(6) An effective means shall l>c provided for the gaging of the mixing 
water for concrete. The device used for gaging shall l>c controllable to the 
extent of varying the quantity of water to he used per batch within a per¬ 
missible range of i pt. per bag of cement used in the concrete mix. 


Field Tests 


8. Test Specimen Molds.—(a) Molds for field and laboratory use shall 
be produced from steel piping so falincated as to be adapted to the produc¬ 
tion of concrete cylinders 6" in diameter by 12" lon^. 

(6) To provide for the easy removal of the cylinders from the molds a 
longitudinal element of the original pipe shall Ixi machined out and the 
open space so produced shall be closecl by forcing the metal edges into close 
contact with clips and bolts or by ring clamps surrounding the molds. 

c. The inside of the molds shall be smooth and the sharp edges shall have 
all burrs and roughness removed. The ends shall be cut true and parallel. 
Each mold shall be provided with a steel baseplate measuring (10 by 10 by 


g. Preparation of Specimens.— (a) For the purpose of determining the 
quality of concrete being produced, test specimens shall be taken at such 
intervals as the engineer may direct. 

ib) In general, the concrete used for specimens shall be taken from the 
middle of the batches while being discharged from the mixer drum. How¬ 
ever, the engineer may for specific reasons require that the test sample be 
taken from the first or the last concrete discharged from the mixer or from 
the mass of concrete after it has been subjected to the operations of placing. 

(c) The concrete shall be carefully compacted in the molds by the use of 
a slicing tool prepared from a piece of diameter rod flattened for a length 
of 5 to 6" to a thickness of ^3 3 to F6" to form a blade-like tool, the full length 
of which shall be approximately 15" exclusive of the handle produced by 
bending the rod to lorm a hand grip of convenient shape. 

(d) It is important that the test cylinders be free from honeycomb and 
“pockets” of stone aggregate. It is especially important that, so far as 
possible, all the mixing water be retained by the molds within the concrete 


mass. 

(tf) Special care shall be exercised in finishing the top ends of the cylinders 
true and even to permit a uniform bearing in the testing machine. Finishing 
may be executed in either of two ways: 

I. By filling the specimen molds up to within K to of their tops, then* 
after a period of 15 to 20 min. has elapsed, completing the cylinders by 
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capping with neat cement paste and using a cover plate of heavy plate glass 
or of metal to shape the top surface, the plate being adjusted to perfect 
contact with the top edge or the nioUls. Plate glass or metal plates shall 
generally be 8 by 8''in size and shall be oiled on under side to permit their 
ready removal when the concrete has taken a ‘‘green set." 

To prevent excess shrinkage the cement paste must be mixed to form 
approximately a ‘‘normal consistency” mass and should be prepared several 
minutes in advance of its application to the cylinder ends. 

2. By the use of a plaster mason's trowel to remove excess concrete 
material from the top surfaces of the specimens and to dress these surfaces 
true and even by carefully troweling them flush with the top edge of the 
specimen molds. 

To prevent evaporation of the moisture the specimens shall be covered 
with wet cloths as soon as troweled. These cloths are to be kept moist. 

10. Stripping, Marking, and Curing Specimens.— (a) Cylinders shall 
remain in the molds 24 hr. before being removed. Immediately upon 
removal they shall be carefully marked for identification, preferably with 
black paint, and shall be cured by burying in wet sand until the expiration 
of the test period. 

(6) Identification marks, if placed upon the top ends of the cylindeis while 
the concrete is green, shall be so executed as to not impair or injure the surface 
bearing while testing. 

Proportioning 

IX. Grades and Strengths.—(a) Concrete for culvert and bridge structures 
shall be divided into four grades, viz.: A, B, C, and D. 

(6) Concrete of each grade when mixed in accordance with the specified 
requirements for mobility and time of mixing and molded into test cylinders 
6 ** in diameter by 12" long shall develop not less than the following compres¬ 
sive strengths in pounds per square inch at the ages of 7 and 28 days 
respectively: 


Grade 

7 Days 

28 Day 

A 

2100 

. 3000 

B 

1500 

2300 

C 

1000 

1700 

D 

700 

1200 


Compressive strength shall be determined from an average of five cylinders 
tested at each age. 

(r) If the test specimens fail to fulfil the strength requirements for 7-day 
tests and the 28-day tests show the strength desired for the grade specified, 
the concrete shall be considered acceptable. 

13. Proportions of Aggregates.— (a) In general, the relation of sand to 
stone aggregate shall be i part sand to 2 parts stone measured by weight or 
by the corresponding volumes. Preference will be given to the former. 
Variations from this ratio will be subject to the approval of the engineer. 
The quantity of sand contained in the stone aggregate shall be taken account 
of in its relation to the total sand content of the mix. The accurate measure¬ 
ment of the aggregates used per batch of concrete is essential. 

13. Relation of Cement to Agpegates.—(a) The quantity of cement to 
be used per batch of concrete shall be determined by the engineer and shall, 
in general, be dependent upon the quantity necessary to produce from the 
aggregates to be u.scd a workable mix which will secure, in the finished 
structure, concrete having strei^th equal or greater than that assumed by 
the conditions of the design. The concrete shall also possess the density, 
toughness, and other physical properties necessary for durability. Con¬ 
sistent with these conditions the contractor may be required to change the 
cement content of the mix to conform with variations in the gradings of the 
ag^gates. 

(b) Whenever considered advisable, in the opinion of the engineer, the 
quantity of cement to be incorporated in the mix shall be determined by 
laboratory tests, which shall be made by and at the expense of the Commis¬ 
sion. However, the contractor shall supply and ship t.o.b. cars the quanti¬ 
ties of materials required for such tests. If test specimens are prepared at 
the bridge site he may be called upon to provide the labor necessary for 
their pr^aration. 

14. Mobility.—(o) The mobility (consistency or workability) of the 
concrete is mainly dependent upon the thoroughness of the mixing and the 
quantity of water contained in the mix. The mobility of the concrete mix 
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shall he at all times as the engineer may direct. However, in general, the 
quantity of water used shall oe sufficient to produce concrete, the mortar 
component of which is of a saturated, sticky, semiplastic consistency, show¬ 
ing no free water when removed from the mixer, and when transported in 
barrows, buckets, chutes, etc., it shall show no appreciable segregation of the 
component materials. When deposited in forms it shall settle in place and 
l>ocome thoroughly compacted with a comparatively small amount of spad¬ 
ing. slicing, or other manipulating. When transported in metal chutes 
placed at an angle of 30“ with the horizontal it will slide (not flow) to its 
place of placing. 

(b) The top surface of concrete having the mobility described above will 
show a cement film upon tl;e set concrete. Accumulations of inert, clay¬ 
like material commonly known as "laitance” result from the use of an exces¬ 
sive quantity of water in the concrete mix and are indicative of low-strength 
concrete. 

15. Miring.—(a) The concrete shall be mixed in the quantities required 
for immediate use and any wb.ich has developed initial set, or which does 
not reach the forms within 30 min. after the water has been added, shall not 
lie used. 

(6) Unless hand mixing is especially permitted by the engineer, the mixing 
shall be done in a batch mixer of approved size and type which W'il! insure the 
uniform distribution of the materials thr uighout the mass so that the 
mixture is uniform in color and semipl.istic m appearance. The mixing 
shall continue for a minimum time <•■£ I'i min. after all the materials are 
assembled in the drum, during which time the drum shall revolve at the speed 
for which it was designed, but shall make not less than 14 nor more than 
20 r.p.m. The mixer shall lie equipped witli an attachment for automati¬ 
cally locking the discharging device so as to prevent the emptyin^t of the mixer 
until all the materials have been mixed together for the minimum time 
required. The entire content of the drum shall bo discharged before any 
materials are placed therein for the succeeding batch. 

(c) The mixer shall have a capacity of not less than a "one-bag batch" of 
concrete. 

(cf) The first batch of concrete material placed in the mi.xor shall contain 
an additional quantity of sand, cement, and water sufficient to coat the 
inside surface of the drum without diminishing the mortar content of the 
mix. Upon the cessation of mixing for any considerable length of time, 
the mixer shall be thoroughly cleaned by flushing it with a stream of water 
from a hose or by the use of sc.me other satisfactory method. 

16. Hand Mixing.— (a) When hand mixing is permitted, the sand aggre¬ 
gate shall be spread evenly upon the platform and the cement spread upon 
It. The sand aggregate and cement shall then be mixed dry with shovels 
or spades (mixing with hoes shall not be permitted) until a uniform color is 
attained, after which the mixture shall be formed into a "crater" and the 
quantity of water necessary to produce a mortar of desired mobility poured 
thereon. The material upon the outer portion of the "crater" ring shall 
then be shoveled to the center and the entire mass sliced anrl turned until 
a uniformly wet mortar is produced. The stone aggregate which shall have 
been previously wetted shall then bo deposited upon the mortar and the 
entire mass turned and returned with shovels or spades until all the stone 
particles have become thoroughly coated with mortar. Hand-mixed batches 
shall not exceed H cu. yd. in volume. Mixing platforms shall be water¬ 
tight and shall be of ample size readily to accommodate the work involved. 
Hand mixing will not be permitted for concrete placed under water. 

17. Retempering.— (a) All mortar and concrete shall be used while fresh 
before the initial set has begun. No retempering of mortar or concrete 
shall be allowed. 

Placing and Coring 

x8. Handling and Placing.— (a) Concrete, after the completion of the 
mixing, shall be handled rapidly to the place of final deposit. When chutes 
are used they shall be so designed as to transport the concrete at or near the 
place of depositing so as to avoid rehandling. Tran.sportation by successive 
shoveling within the forms shall, in general, not be permitted. Chutes 
shall be of metal, or, if of wood, shall be metal lined. 

ib) '^c concrete shall be deposited in such a manner os will prevent the 
separation of the ingredient materials and permit its thorough compacting 
without jarring, deforming, or displacing the forms or the metal reinforce¬ 
ment. Dropping the concrete from too great a height, throwing it too great 
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a distance* depositing large quantities at one point and running or working 
it along the forms, or other practices tending to cause segregation shall not 
be permitted. In general, concrete shall not be dropped from a height greater 
than 5'. It shall be compacted and worked into contact with all parts of 
the forms by agitating it with a straight spade or a slicing tool kept moving 
up and down until the mass has settled into place and all surplus water has 
been forced to the surface. Especial care shall be taken to break down any 
arching action and to prevent the formation of “pockets of stone.’’ The 
concrete shall be thoroughly compacted around all reinforcing metal to 
secure maximum bond therewith. Care shall be taken not to jar the form 
work or the reinforcement metal after the concrete has taken its initial set. 

(c) Wherever practicable, concrete shall be deposited continuously for 
each monolithic section of the work. All floor slabs, sidewalk slabs, and 
similar thin sections of the work shall be jdaced full thickness. 

(d) In general, all concrete in piers, abutments, and retaining walls shall 
be deposited in horizontal layers of uniform thickness throughout. The 
thickness of layers shall not exceed 8 to 10". An incomplete layer shall be 
left with a vertical construction joint. 

(tf) In general, no concrete shall be placed in pier, abutment, or other 
excavations without forms. When placing without forms is permitted by 
the engineer, especial care shall be taken that lumps of earth or other foreij^ 
matter falling from the sides of the excavation do not become buried in 
the concrete. 

(/) Horizontal layers so located as to produce a construction joint at a 
location wherein a “feather edge” will nominally be produced in the succeed¬ 
ing layer shall be so formed by inset form work that the succeeding layer 
will end in a body of concrete having a thickness of not less than 6". 

(g) Each layer of concrete shall generally be left somewhat rough to 
secure an efificient bonding with the next layer above. A succeeding layer 
placed before the underlying layer has become set shall be compacted in a 
manner that will entirely break up and obliterate the tendency to produce 
a construction joint between the layers. 

{h) Wooden spacer struts and braces within the forms shall be removed 
when the placing of concrete has reached their height. These pieces of 
form material must not be buried within the concrete mass. 

(1) Layers completing a day’s work or placed just prior to discontinuing 
temjKjranly concrete operations shall generally be cleaned of all “laitance” 
or other objectionable material as soon as the concrete has become sufficiently 
firm to retain its form. To avoid visible joints so far as possible upon face 
surface, the top surface of the concrete adjacent to the forms shall be finished 
by l>eing smoothed with a plaster mason’s trowel. 

0) In all cases where face surfaces are to have a mortar surface, whether 
rubbed or not, a sp.nlc or slicing tool shall be worked betw’een the concrete 
and the form to force back the stone aggregate and to produce a dense mortar 
face. 

ik) In all cases where, on account of the obstructions produced by rein¬ 
forcing metal, shape of forms, or any other uncontrollable condition, difficulty 
is encountered in puddling the concrete adjacent to the forms, the mortar 
content of the mix shall be brought into proper contact with interior surfaces 
by vibrating the forms. The vibrations shall be produced by striking their 
outside surfaces with wooden mallets or by any other means satisfactory 
to the engineer. 

(/) Top surfaces of bridge seats, backwalls, parapet w'alls, curbs and hand¬ 
rail bases, retaining walls, roadway slabs, etc., shall gencrnlly be “struck” 
with a straight-edge or “floated” after the stone aggregate has been forced 
below the finished elevation of the concrete. The use of a layer of mortar 
to produce the final finished surface shall not be permitted. Surfaces which 
will ultimately support the pedestals of girders, trusses, columns, or other 
metal superstructure parts shall be finished smooth, true, and even. To 
assure the production of roadway and sidewalk slabs having the thickness 
indicated upon the plans, their top surfaces shall bo soreeded to ci^rrect con¬ 
tours by the use of strike boards supported upon firm guides or scrccding 
strips. It is important that the top surface 01 roadway and sidewalk slabs 
bo accurately finished to true elevation and grade. 

(m) Care must be taken that face surfaces of forms and the surface of 
reinforcement do not become splashed with concrete which will take its 
initial set before becoming covered by the concrete being placed in the work. 
Splashes that have taken such initial set shall be carefully removed and the 
surface of the form again wetted or oiled. 
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(n) In no case shall the work on any section or layer be stopped or tempo¬ 
rarily discontinued within i8" below the top of any face, unless the details 
of the work provide for a coping having a thickness less than i8", in which 
case, at the option of the engineer, the construction joint may be made at 
the under side of the coping. 

(o) In placing concrete in columns the work shall be discontinued at the 
elevation of the bottom of the girders, beams, or slabs taking bearing upon 
them for a period of not less than 2 hr. before continuing the placing ot 
concrete in the girders, beams, or slabs. Each column shall be examined for 
accumulations of “laitance" or other foreign matter which, if present, shall 
be removed in preparation for resuming the placing of concrete. The plac¬ 
ing of concrete in column forms shall not be discontinued at an intermediate 
point between base and top. 

(P) All concrete in through girder spans shall be placed complete in a 
single operation. All concrete m slab spans shall be placed complete in a 
single operation up to the tops of wheel guards or hand-rail bases. All 
T-beam spans shall, unless otherwise permitted by the engineer, he con¬ 
structed in a single operation. When the concrete of the T-stern is permitted 
to be placed independent of the slab section, the construction joint shall be 
located at the under side of the slab and the bond between stem and slab 
shall be a mechanical one produced by embedding 2 by 4'' wooden blocks 
having a length approximately 4" less than tlie width of tlie stem in the top 
surface of the concrete when placed. To provide for the uniform spacing 
of the blocks and their ready removal when the concrete has taken a set 
sufficient to hold its form, the blocks shall be beveled }ri" on the sides and 
ends and shall be firmly nailed upon a board at a distance of 1' center to 
center. The blocks shall be thoroughly oiled to facilitate their ready 
removal from the concrete. 

(<?) When new concrete is placed upon the top of a preceding day’s work 
or upon the top of concrete that has become fully set especial care shall be 
take that the outer edge of the new layer of concrete shows at all times a 
fringe of mortar to assure perfect contact with the surface of the existing 
concrete. 

(r) The placing of concrete in solid and open spandrel arches involving 
volumes too great for monolithic construction shall be sulidividcd as the 
engineer may direct. In general, the order of construction or sequence of 
the work shall be shown upon the plans ami shall include details of keyed 
construction joints in arch rings and their locations together \vith the details 
for the attachment of spandrel walls to the outer edge of arch rings. Sections 
shall be so arranged that initial stresses will not be created in the metal 
reinforcement. 

(s) The placing of concrete in solid and open spandrel arches shall pref¬ 
erably be a single continuous operation and to secure a proper loading of 
the centering .shall involve symmetrical placing about the crown of the arch. 
The extrados of the arch ring shall be, unle‘^s shaped by an extrados form, 
screeded to correct contour and finished with a wooden float to secure an 
even, uniform surface, 

(/) Spandrel wall concrete shall not be placed until after the arch centering 
has ^en released. The placing of concrete m the copings of spandrel walls 
and in hand rails shall not be commenced until all spandrel wall concrete is 
in place and a sufficient length of time has elapsed to permit the arch to 
adjust itself to the loafls produced by the latter. 

(u) Construction joints in abutments, piers, and retaining walls and in 
portions of superstructures wherein the conditions involved may result in 
the seepage of water through the joints and the future discoloration of 
exposed surfaces shall contain water baffles consisting of a sheet of zinc or 
galvanized iron 6" in width set vertically at a distance of not less than 
3'* from the exposed face surface and embedded one-half its width in the 
concrete below the joint and the remaining width in the concrete above. The 
sections or strips of metal shall overlap not less than 6" at their ends. 

19. Placing m Cold Weather.—(a) In general, no concrete shall be mixed 
and placed when the air temperature i.s at or below aS^F. When the mixing 
and placing of concrete are permitted, in writing, by the engineer, special 
precautions shall be taken to avoid the use of materials containing frost, 
and efficient and adequate means shall be provided to prevent the chilling 
or freezing of the concrete. At the time it is placed in the forms, the concrete 
shall have a temperature not lower than 50*F. The protection afforded 
shall conform to the requiremnts of Sec. 27, Curing Concrete. The method 
of heating the concrete materials shall be approved by the engineer, but the 
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work shall be done entirely at the risk of the contractor. The use of salt 
or any other chemical to prevent freezing or to procure quick setting of the 
concrete shall not be permitted. 

30 . Placing under Water.— (a) Placing of concrete in water shall be 
permitted only (a) when contemplated by the contract plans and (^) when 
authorized by the engineer in writing. A description of the method and 
equipment to be used shall be submitted by the contractor and approved 
by the engineer before the work is started. 

(b) Cofferdams shall be sufficiently tight to prevent any current through 
the space in which the concrete is to be deposited. Pumping will not be 
permitted while the concrete is being placed nor until it has become fully set. 

{c) The method used shall be such as will not permit the washing of the 
cement from the concrete mix. In no case shall concrete be dumped from 
barrows or shoveled into the water or allowed to fall through the water in 
either ^en or closed metal chutes. 

(d) The tremie, when used, shall consist of a tube 12 to 16" in diameter, 
constructed in sections with flanged couplings fitted with gaskets. It 
shall be so constructed as to permit its initial charging without dropping the 
concrete through the water. In operating the tremie it shall be kept filled 
at all times and the discharge end shall be raised only sufficiently to permit 
the concrete to move uniformly down the tube. Special care shall be 
exercised in moving the tremie to secure a practically uniform and level 
surface upon the concrete in place, and to prevent the loss of the charge. 
In the event of losing the charge the tremie shall be refilled as described for 
its initial filling. The means supporting the tremie shall be such as to 
permit the free movement of the discharge end over the entire top surface 
of the work and shall permit its being rapidly lowered, when necessary to 
prevent a too rapid flow or a loss of the entire charge. 

(e) The bucket, when used, shall be so constructed that it cannot be 
dumped until it rests upon the surface upon which its charge is to be placed. 
In general, this construction shall consist of a base frame extending below 
the doors forming the bottom of the bucket a sufficient distance to permit 
them to open downward and outward when tripped or unlatched. The 
portions of the frame opposite the ends of the doors shall be of solid sheet 
metal to prevent the initial movement of the concrete in these directions 
when the bucket is being dumped. The sides of the bucket below the eleva¬ 
tion of the under side of the doors shall be of open construction, permitting 
the free displacement of the water. The portion of the frame coming in 
contact with previously placed concrete shall have a bearing area which will 
prevent the loaded bucket from slumping into the concrete a distance 
sufficient to produce a movement of water tending to dislocate its cement 
content. The top of the bucket shall not be closed. 

(/) In operating the bucket it shall be completely filled and when lowered 
into the water its descent shall be sufficiently slow to prevent all unnecessary 
movement of the water. In the operation of discharging and lifting the 
bucket it shall be raised slowly to avoid, so far as possible, a movement of 
the water above the concrete. The concrete shall be placed in layers having 
top surfaces as uniform and even as possible. 

{g) The bags, when used, shall be of jute or other coarse cloth. They 
shall be about two-thirds filled with concrete, and shall be carefullv hand 
placed in header and stretcher order to secure an efficient interlocking of 
the whole mass. 

(/») When possible, the concrete shall be placed continuously from start 
to finish in so far as that portion of the work to be placed under water is 
concerned. In onlcr to assure a thorough bonding between the layers, the 
equipment for mixing, transporting, and placing the concrete shall be ade¬ 
quate to produce a rate of progress which will permit the placing of each 
succeeding layer before the preceding layer has taken its initial set. The 
use of “plums” shall not be permitted in concrete placed under water. To 
prevent the formation of “laitance,” the concrete shall be agitated as little 
as possible while being placed. All laitance or other foreign matter shall be 
removed from the surface of a complete portion of the work before the placing 
of concrete by the usual methods is commenced thereon. 

ax. Placing on or ag^ainst Set Concrete.— (o) Whenever new concrete is 
to be placed on or against concrete which has fully set, the surface of the 
set concrete shall, unless thoroughly cleaned of all "laitance” and objection¬ 
able material before becoming set, be roughened and carefully cleaned of 
“laitance" and foreign matter and be drenched with water until saturated. 
The forms, if they are not in close contact with the set concrete, shall be 
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tightened against its faces, and the new concrete placed therein shall, be com¬ 
pacted in a manner assuring maximum bond between the new and the old 
material. If necessary, in the opinion of the engineer, the new concrete 
shall contain an excess mortar content. 

22, Bonding Construction Joints.;—(a) The construction joints produced 
between layers of concrete placed intermittently in piers, abutments, and 
retaining walls shall be bonded to prevent displacement by sliding or by 
overtuniing. Approved hard, sound, and durable stones of “one-man" 
size may be used in structures having a width of 4' or more, while in narrower 
structures metal dowels or a mechanical bond secured by producing a 
"mortise and tenon" interlock shall be used. When the concreting of the 
lower layer is complete, its surface shall be prepared for bonding the layer 
to be superimposed upon it before the concrete has taken its set. 

(6) When “bond" or "dowel" stones are to be used they shall be hand 
placed as specified for the placing of stones in rubble or Cyclopean concrete 
(see Sec. 23 (6), Rubble or Cyclopean Concrete), except that stones having 
a distinct stratified structure shall be set with the "grain" vertical to the 
construction joint. 

(c) Metal dowels shall consist, in general, of rods having a diameter of 
not less than and a length of not less than 1'. However, when approved 
by the engineer, metal secured from scrap bar, pipe, castings, etc., may be 
used, provided such metal has ample cross-section and is free from rust 
scale. In general, dowels shall be staggered and their distance center to 
center shall not exceed 3'. 

(d) When a "mortise and tenon" bond is to be u.scd the "mortise" shall be 
produced by forcing the ends of 6 by 6^ timbers into the unset concrete to a 
depth of 3 to 4". The holes so produced shall be staggered and shall not 
exceed 2' center to center. To facilitate their ready removal from the con¬ 
crete after it has taken its set the ends of the scantlings shall be slightly 
beveled and thonnighly oiled. 

33. Rubble or Cyclopean Concrete.— (a) Whenever provision is made 
upon the plans for the use of rubble concrete in abutinents, piers, and retain¬ 
ing walls, its use shall be permitted in portions of these constructions having 
a width of 4' or more. The stones or "plums” u.sed shall consist of angular 
fragments of tough, dense, and durable rock of the size commonly known as 
"one-man stone," t.e., stones not larger than one man can readly lift. They 
shall be free from seams or other structural defects, foreign substances, and 
coating of any character. 

(h) The stones shall be hand placed (not cast or thrown into the concrete) 
in "rack and pinion" order, not less than the width of a man's foot apart 
nor nearer than i' to the inside of the forms and shall be forced down into 
the fresh concrete a depth equal to one-half their size. When stratified 
stones are used, they shall generally be laid upon their natural bed. Each 
layer of stones shall be covered with concrete to a depth equal to the size 
of the stones, before a succeeding layer shall be placed. The concrete 
surrounding the stones shall be thoroughly compacted so as to fill all irregu¬ 
larities and cavities in their surfaces. Under no circum.stances shall a 
course of stones extend higher than 2' below the top surfaces of abutments and 
piers upon which the bridge superstructure is to bo placed. When the tops 
of abutments and piers are finished with copings, tne uppermost course of 
stones shall be located at least i' below the under side of copings. 

24. Joints.—(a) The loc-ations and details for expansion joints in retaining 
walls, abutments, etc., shall be strictly adhered to. 

(6) Where sliding joints are to be provided at the ends of slab, T-beam, and 
girder spans having a length less than 30' the bridge seat or other bearing 
areas shall V>e scrccdcd true to grade and carefully finished by the use of a 
plaster mason’s trowel and when the concrete has become thoroughly set, 
the bearing areas shall, unless otherwise provided upon the plans, be covered 
with a layer of asphalt-treated roofing felt before the superstructure concrete 
is put in place. To insure free movement consistent with the lengths of 
superstructure .spans, the thickness of the layer of felt shall vary correspond¬ 
ingly and shall, in general, be made of sheets of heavy roofing felt swabbed 
with liquid asphalt between each sheet. Thickness of layers shall vary as 
follows; 


Span Lenrths 
10' and less 
11-20' 

21-30' 


Layer Thickness 



BRIDGES 


1517 


Reinforced-concretc T-beam and girder spans of lengths over 30' shall, in 
general, be provided with bronze expansion plates or other ^proved devices 
for permitting free expansion and contraction movements. Unless especially 
provided otherwise upon the plans, no reinforcement shall extend across 
an expansion joint. 

(c) In general, the locations of construction joints shall be planned in 
advance of the placing of concrete. These joints shall be located and con¬ 
structed so as to impair the strength and appearance of the stiucture the 
least possible. Diagonal or otherwise dciormcd construction joints in 
abutments, piers, retaining walls, slabs, beams, and girders shall not be 
permitted. 

(d) In general, every structural element of a bridge structure shall be 
completed witliout discontinuing the placing of concrete, if practicable. 
So-called “construction joints” produceil by discontinuing the work at the 
end of a day or at other times shall be predetermined as to location, if 
possible. These joints shall be located perpendicular to the principal lines 
of stress and generally at points of minimum shear. 

(e) Construction joints shall be produced as specified in Sec. 18, Handling 
and Placing, and Sec. 22, Bonding Construction Joints. 

25. Cleaning Mixers, Tools, Etc.— (a) All loixers, chutes, barrows, spades, 
slicing tofils, etc., shall be cleaned from all ailbcring mortar at the end of each 
day's work or at otlier times whenever the mixing and placing of concrete is 
temporarily discontinued for any considerable length of time. It is also 
advisable that splashes and spatters of mortar adhering to the interior 
surfaces of forms and to metal reinforcement be removed at the time of 
discontinuing placing, since they can be most readily removed at tliat time. 
They must lie removed before the placing of concrete is resumed. If not 
removed, these accumulations of inert material produce two unsatisfacto^ 
conditions, t is.; they either cleave from the surfaces of the forms and remain 
temporarily embedded in the face surface of the concrete to become dis¬ 
integrated at a Liter period, or they remain firm upon tlie forms and cleave 
from the surfaces of the new concrete when the forms are removed, Icavdng 
these surfaces rough and irregular. 

36. Protection of Work.— {a) Concrete in place shall not be subjected to 
vibrating, jarring, or other movement tending to produce incipient fractures 
during the pen >d of “green” set. Form carpenters, carpenters’ helpers, 
and other laborers shall not l>e permitted to walk or work upon the concrete 
when it has become sufliciently set to break or crumble under their feet, but 
has not yet attained a hard set. Carpenters and their helpers engaged upon 
the construction of forms above green-set concrete shall work upon properly 
constructed scaffoldings and walkways. 

37. Curing Concrete,— (a) In order to develop the desired strength, 
careful attention shall be given to the proper curing of tlie concrete. In hot 
weather all concrete surfaces exposed to premature drying shall be protected 
from the direct rays of the sun by means of canvas, straw, sand, or other 
satisfactory covering, and shall be kept continually moist by sprinkling or 
otherwise tor a period of at least 10 days after placing. Other precautions 
to insure proper curing of concrete shall be taken by the contractor as 
directed by the engineer. 

(b) Concrete placed in cold weather shall be amply protected to retain its 
initial temperature (not lower than so*F.) for at least 72 hr. after the placing 
is complete and until the concrete has become set. The temperature shall 
then be maintained above freezing. 32*F., for an additional 7 days and the 
concrete shall be kept moist throughout the entire lo-day period. Concrete 
showing injury by frost shall be removed and replaced at the contractor's 
expiense. 

Reinforcement 

38. Metal Reinforcement.— (a) Reinforcement metal used shall be 
manufactured in accordance with and shall in all respects fulfil the physical 
and chemical requirements of the A.S.T.M. Standard Specifications for 
Billet-steel Concrete Reinforcement Bars (Serial Designation A15-14) with 
any subsequent amendments and additions thereto adopted by the Society, 
except that it shall be produced only by the open-hearth process and that 
deformed bars shall not 00 machined to obtain a uniform cross-section before 
testing. Unless otherwise provided, only steel of “structural-steel grade” 
•hall be used. ^ Wherever structural-steel shapes are to be used, they shall 
fulfil the physical and chemical requirements of the A.S.T.M. Standard 
Specifications for Structural Steel for Bridges (Serial Designation A17-16) with 
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any subsequent amendments and additions thereto adopted by the Society. 
Preference shall be given to bars and shapes manufactured by the open-hearth 
process. No enrolled material will be accepted. 

(6) Unless otherwise provided upon the plans, all reinforcement shall be 
plain round bars. It shall be free from mill and rust scales, dirt, oil, paint, 
or other foreign matter and, if ordered by the engineer, shall be scraped and 
cleaned by the use of scrapers, wire brushes, or other satisfactory means. 
Steel shall be stored on skids or other supports at a satisfactory height above 
the CTound. 

(c) The bending of reinforcement to conform to the dimensions shown on 
the plans shall be accurately done. In general, the radii of bends shall be 
equal or greater than twice the diameter of the bar measured from the inside 
of the curved metal; however, the radii for stirrups shall be equal to or less 
than the diameter of the bar. All bending shall be done cold. 

((f) All reinforcement shall be accurately placed in the locations shown on 
the plans and adequate means provided for securely holding it in correct 
position during the placing of concrete in the forms. Whenever the reinforce¬ 
ment is to be held out of contact with the forms by supporting it upon blocks, 
precast mortar blocks of approved dimensions shall be used. Likewise tiers 
of bars in girders, T-beam stems, etc., shall be separated by the use of precast 
blocks. The use of pebbles, flat pieces of broken stone, bricks, metal pipe, 
or wooden blocks shall not be permitted. 

(e) The locations of the reinforcement are, with few exceptions, mathe¬ 
matically determined to conform with the loadings assumed in the desi^ 
and variations therefrom, produced by “foot and spade” placing of the 
metal, radically affect the strength. The placing of the reinforcement as the 
concreting progresses without definite means for holding it in its correct 
location shall not be permitted. 

(/) Reinforcement shall be placed well in advance of the concreting, and 
shall be inspected and approved by the engineer before any concrete is placed 
in contact with it. 

(g) No deviation in sizes shown on the plans, or in the spacing or the 
arrangement of the bars will lye allowed except by sj^ecial permission of the 
engineer, in writing. An application for permission to substitute other sizes 
for those shown on the plans or for permission to splice reinforcement bars 
shall be accompanied by sketches snowing the complete layout proposed. 
Splices shall be avoided at points of maximum stress and shall be staggered 
where possible. The number of splices shall be minimum. No splices will be 
permitted in the main reinforcement of beams and girders. Splices in adja¬ 
cent bars shall be staggered. Splices shall be designed to develop the 
strength of the bar without exceeding the allowable bond stress, but in the 
absence of an actual design a minimum lap of 40 diameters shall be used. 
All splices shall be firmly seized with not less than four turns of wire at 
intervals of 6 to 10", depending upon the size of bars, the shorter spacing 
being used upon the larger sizes of bars. When required by the engineer, 
cable clamps shall be used to fasten reinforcing bars. Such clamps shall 
develop the full strength of the bar. Splicing by means of welds shall not 
be permitted. 

(h) Reinforcement showing splashes of dried mortar shall be cleaned 
before being imbedded in the concrete. 

Forms 

29. Forms.—(a) All forms shall be well built, substantial, and unyielding, 
securely braced, strutted, and tied to prevent motion and distortion while 
concrete is being placed in them and amply strong to safely support, in addi¬ 
tion to the weight of the concrete, all superimposed loads (runways, barrow 
loads, workmen, scaffolding, etc.), placed upon them. In proportioning 
forms, falsework and centering concrete shall be treated as a liquid weighing 
14A lb. per cubic foot for vertical lopds and 72 lb. for horizontal pressure. 

(b) Concrete surfaces as related to form construction shall be divided into 
two classes, pit.: 

I. Forms for unexposed surfaces, such as the back surfaces of abutment 
breast walls and wing walls; the back surfaces of retaining walls, and surfaces 
of abutments, piers, etc., located below the beds of streams and the finished 
surfaces of backfill around abutments, piers, and retaining walls. 

a. Forms for exposed surfaces whicn include all surfaces not considered 
as unexposed, 

(c) All back surfaces of retaining walls to a depth of 18" below the tops of 
these walls and all front or face surfaces of abutments and piers to a depth 
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of 2* below the finished ground surface or to a greater depth, if, in the opinion 
of the engineer, there is a possibility of a deepening of the waterway due to 
scour, shall be treated as exposed and shall be constructed accordingly. 

(rf) All lumber used for exposed surface frirms shall, unless otherwise 

f irovided, consist of sized and dressed tongue and groove lumber, free from 
oose knots, knot holes, cracks, and other defects affecting the strength 
of the lumber or the accuracy of the finished concrete surfaces. When 
other than brngue and groove lumber is to be used it shall be dressed on 
one side and both edges (djs) to a uniform thickness and width and of the 
quality described for tongue and groove material. The thickness of tongfue 
and groove lumber shall be not less than i and of plain dressed lumber not 
less than To provide for reusing the lumber a greater number of 

times it may be dresseti on both sides. 

(f) Lumber used for unexposed surface forms shall be of uniform width, 
straight-edged, and dressed on one side (dis) to a uniform thickness of not 
less than i It shall l>c free from loose knots, knot holes, cracks, wane, or 

other defects rendering it unsuitable for form work. When permitted by 
the engineer, undressed lumber of uniform thickness and width, otherwise 
fulfilling the requirements for lumber dressed on one side, may be used for 
unexposed surface forms. 

(/) Lumber for studding, walings, struts, braces, etc., shall be free from 
winds, crack, and other structural defects rendering it unsatisfactory for the 
purpose for which it is to be used. 

in) Forms shall be built to conform accurately to the dimensions, location, 
contours, and details shown on the plans. The faces of forms against 
which the concrete is to be placed shall be dressed smooth and uniform and 
shall be free from winds, twists, buckles, and other irregularities. They 
shall be constructed by experienced and capable workmen and shall be 
sufficiently tight to prevent the leakage of cement and mortar through the 
joints. In general, forms shall be constructed so that they can be removed 
from the bottom upward and sliall be designed so that they may be removed 
without damage to the concrete. In general, forms shall be provided for 
all work. The placing rif concrete in excavated pits and trenches without 
forms sh.all l)e permitted only in exceptional cases and at the discretion of 
the engineer (see Sec. 18 (e). Handling and Placing). 

(h) Kxcept in the construction of forms for round-ended piers, the lagging 
or sheeting shall be placed horizontal. For long abutment, pier, and retain¬ 
ing-wall forms requiring two or mure lengths of lagging, the joint.s in adjacent 
pieces shall be staggered to secure additional rigidity. Forms built to be 
erected and removed in sections shall be provided with an ample means for 
holding the sections rigidly to correct alignment and grade. 

(») All corners within the forms shall be fitted with chamfer strips, mitered 
at their intersec tions, to prevent spalling of the concrete during the removal 
of the forms. In general, chamfer strips shall not have a greater wiiith than 
i" nor a less width than The size to be adopted for a given portion 

of the w'ork shall depend somewh.at upon the general dimensions involved. 
Provision shall be made for the chamfering of the top edges of abutment 
bridge seats and wing walls, tops of piers, and retaining walls, tops of side 
(through! girders, roadway curbs, etc., by nailing chamfer strips inside the 
forms. These strips serve as scrceding strips for the finishing of the tc'>p 
surface of the concrete when it is placed. They are usually made ^4 to r' 
in width. Unless otlierwise provided, all chamfer strips shall produce in 
the concrete plain, flat surfaces, 

(/) Form material or fiirm sections used more than once shall be carefully 
cleaned from adhering mortar and other accumulations of foreign matter, 
if any. 

(k) The forms for beams, girders, columns, and spandrel arches shall be 
80 constructerl as to permit the sides to be removed without disturbing the 
supports. 

(/) All sawdust, chips, blocks, shavings, and other foreign matter within 
the forms shall be removed bof«wc depositing concrete in them. Forms, 
more cspeciallv cedumn and thin reinforceil w^all forms shall, wherever 
necessary, be ouilt with removable pieces of sheeting to permit thorough 
clearing. 

(m) All forms shall be held rigidly to correct alignment and location by 
ample supports and braces. In all cases where metal anchorages or ties 
within or through the face forms are required to hold the forms in their 
correct position, such anchorages or ties shall be of ample strength and shall 
be so constnicted that the metal work can be removed to a depth of a'' from 
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the face surface of the concrete without injury or damage to such surfaces 
by spalling nr otherwise. The cavities produced by the removal of the 
metal shall be carefully filled with a mortar mix similar to that contained in 
the concrete in which the cavities occur. 

(n) Forms shall be inspected and approved before placing concrete within 
them. 

30. Unwatering Forms.— (a) Unless otherwise provided, all forms shall 
be unwatered before concrete is placed in them, rumping will not be per¬ 
mitted from the inside of forms for abutments, piers, and retaining walls 
while concrete is being placed. Moving water snail not be permitted to 
come in contact with fresh concrete. In general, cofferdams, caissons, cribs, 
or other devices used to exclude water from foundation excavations shall bo 
constructed to provide free access to all exterior portions of the substructure 
forms, both for their construction an<i their inspection. 

31. Preparing Form Surfaces.— (<i) In onlcr to insure the non-adhesion 
of the mortar to the forms the inside surfaces shall be uniformly coated with 
raw paraffin or other non-staining mineral oil, soaped, or thoroughly wetted 
with water (except in freezing weather). If si>ap is used it shall be mixe<i 
with sufficient water to produce a thin jelly-like substance. When forms 
are used more than once they shall be carefully cleaned at each setting and 
recoated with oil or soap. 

(b) Whenever forms are constructed several days in advance of filling 
them with concrete they shall be kept moist or otherwise protected against 
warping of the lagging and other detects produced by the drying out of the 
lumber. 

(c) Forms used for producing openings in hand rails or other portions of 
the work shall be thoroughly saturated by immersing in water or otherwise 
to prevent swelling by absorption of water from the concrete. 

33. Removal of Forms. —(a) Location, weather conditions, materials 
used, and the character of the structure involved shall be considered in 
determining the time for the removal of forms. 

(6) In general, forms shall not be removed until sufficient time has elapsed 
subsequent to the complete placing of the concrete to permit the develop¬ 
ment of a set which will give forth a distinct “stoncy ring” when the con¬ 
crete is struck with a small hammer. (Frozen concrete shall not be so 
tested.) 

ic) Forms shall be removed from columns before removing the falsework 
or shoring from beneath the adjacent Ixiams and girders so that the condition 
of the column concrete may be determined. 

id) The falsework or shoring originally placed under the forms shall 
remain in place until its final removal. The supports must be removed in a 
manner which will permit the concrete to assume uniformly and gradually 
the stresses due to its own weight. 

(r) Methods of removal tending to produce shocks, jars, and fracturing 
of the concrete shall not be permitted. In general, the removal of forms 
shall be from the bottom upwards. 

if) Forms shall not be removed at any time without the consent of the 
engineer. How’cver, such consent shall not in any way relieve the con¬ 
tractor of his responsibility for the work. 

Arch Centering and Falsework 

33. Arch Centering. —(a) Foundations for the falsework and centering of 
arches when not consisting of solid rock or other unyielding soil material 
shall be reinforced by the use of piles, grillage, or other means to support 
without appreciable settlement the loads to be superimposed thereon. 

(6) The timliering of the falsework and centering shall be securely and 
rigidly constructed and shall, for all spans having a length greater than 
20', be supported upon adjustable wedges or other approved devices to 
facilitate lowering of the centering or other supports under full control, 
evenly and gradually, without subjecting the concrete of the arch span to 
shock or an uneven distribution of pressure, 

(c) The lagging or sheeting of the arch centering shall be narrow and 
shall otherwise fulfil the requirements for exposed surface forms. All uneven 
joints or other irregularities due to the curvature of the centering shall be 
planed off. 

id) All lagging and timbering shall be thoroughly saturated with water 
prior to commencing the construction of the arches, and shall l)o kept so 
saturated until the concreting of the arch ring or of the main arches is com¬ 
plete and a satisfactory len^h of time, in the opinion of the engineer, has 
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elapsed to render the concrete not only self-supporting but also of sufficient 
strength safelv to support the structure loads to be imposed thereon. When 
this strength nas been secured the centering and falsework shall be permitted 
to dry out gradually as a means of slowly relaxing their support. As soon 
as the arch ring has or the main arches have, in the opinion of the engineer, 
assumed a permanent set the placing of the concrete in spandrel walls or in 
other deck construction may proceed. 

(e) The contractor shall provide upon the main arch forms or centering, 
as the engineer may direct, suitable check blocks for the purpose of observing 
the deflections produced as the work progresses. 

if) Detail plans of falsework and centering for concrete arch spans shall 
be supplied by the contractor for the approval of the engineer whenever 
required by a general ntUe on the contract plans or requested so to do by the 
engineer in writing. Detail plans shall show in addition to elevation, plan, 
and section views, the mathematical development of the design ana the 
kind and sizes of material to be used. All <letails shall be shown upon draw¬ 
ings of standard size (see Proposal and Contract Requirements—Size of 
Plans) and when the work is complete the original plan, on tracing cloth, 
shall be supplied to the Commission for its Bridge Division file. 

34. Falsework.— (a) All falsework used for supporting reinforced-concrete 
superstructures shall be composed of timbers having ample cross-sectional 
areas to resist without defibrination or appreciable settlement the loads 
imposed upon them. It shall be well built, rigid and unyielding, securely 
braced, strutted, and tied to prevent distortion and motion tending to 
produce vibration and deformation of the superstructure forms. 

(6) When the vertical members of falsework consist of piles or when 
framed or other falsework is supported upv^n piles, the piles shall be driven 
to secure a safe load resistance of at least 15 tuns per pile (see Piles and 
Pile Driving). 

(c) When falsework is supported upon mud sills the sills shall consist of 
at lea.st two layers of timbers, the upper la\er being laid transversely with 
the under or bottom one. The foundation pressures resulting from the 
imposed loads upon mud sills (falseavork. forms, fresh concrete, scaffolding, 
tramways, etc.) shall, in general, not exceed the following: 

I. For firm sand, gravel, rotten rock, very firm 
clay, and other similar soils in confined thick 


beJs. . .2 tons per square foot 

2. F(>r loose sand and gravel and ordinary clay 

soils in confined thick beds. i ton per square foot 

3. For soft clay and firm alluvial soils. ^ ton per square foot 


All arch centering and falsevvork shall be subject to the approval of the 
engineer, but the work shall be <lone entirely at the risk of the contractor, 
the engineer’s approval in no way relieving him of his responsibility, 

id) Forms supportcil upon falsework shall be provided with a satisfactory 
means for their adjustment in the event of settlement or deformation of the 
falsework due to overloading or other causes. 

Surface Finish 

3 S. Surface Finish.—-(a) In general, all face surfaces of concrete, whether 
produced by contact with the forms or by scrceding, floating, troweling[, or 
other means, shall be true and even, free from depressions or projections 
not shown on the plans, and from "honeycomb,” stone pockets, and other 
defects resulting from defective forms and improper placing; nor shall these 
surfaces show layers of accumulated "laitance" or other foreign materials. 
Furthermore, these surfaces shall be free from injurious seams, flaws, cracks, 
broken edges, or other defects. 

(b) As soon as the forms are removed, all stone pockets, “laitance’* 
layers, chips, shavings, or other foreign matter shall be removed by the use 
of chisels or by other means satisfactory to the engineerj and the cavities 
so produced shall be filled as he may direct. The cavities shall be freed 
from loose d 1st and the surrounding concrete shall, if dried, be t'loroughly 
saturated with water before the cavities are filled. 

(c) Small "water cavities," air voids, pits, and other defects not detri¬ 
mental to the strength of the structure shall be filled with mortar of the same 
mix as that used in the concrete containing the defects. This mortar shall 
be applied with a wooden float and shall be thoroughly forced into the holes 
to fill them completely. All excess mortar shall bo removed by “cutting” 
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it away with the edge of the Hoat. Cavities, pits, and other defects upon 
vertical surfaces shall be filled by fi<Jhting upward to force the mortar into 
contact with the uppermost surfaces of the holes. 

(d) Bolt or other holes resulting from form ties shall be carefully filled. 
Mortar shall not be applied to dned-out concrete surfaces. 

(r) Under no circumstances shall mortar be used for the purpose of pro¬ 
ducing a plaster coating to cover irregidanties of surface resulting from v/arps 
buckles, mismatches of lagging, or other /iofects in forms. 

(/) Concrete surfaces as related to their final finish shall be divided into 
three classes, viz.: 

1. Surfaces permanently covered with water, backfill, and approach fill 
after the completion of the work or intended to be so covered (top surface 
of roadway slabs, back surfaces of the breast and wing walls of abutments, 
back surfaces of retaining walls, and surfaces of abutments, piers, etc., 
located 2* below the elev.itiori of extreme low water, or an equal depth below 
the finished surfaces of backfill around abutments, piers, and retaining walls 
shall be so considered) shall be subject to the general conditions noted above, 

2. Surfaces not exposed to general view (sides and bottoms of interior 
girders and stringers, bottom surfaces of floor slab or of slab spans, and 
other surfaces as the engineer may decide shall be considered as so exposed) 
shall be subject to the general conditions described above. Furthormoie, 
these surfaces shall, when finally finished, show no depressions or projections 
beyond the general surface. Form marks shall not ))e removed, but all 
surfaces which, in the opinion of the engineer, are of this class shall present 
a clean-cut. workman-like appearance. 

3. Surfaces exposed to general view (sides and bottoms of exterior girders 
and stringers, spandrel arches, roadway curbs, hand rails, cantilevered 
brackets under sulewalks, girders at tops of substructure bents, and all 
exposed surfaces of abutment breast ami wing walK, piers and retaining walls 
down to a depth of 2' below extreme low water or an equal depth below the 
finished ground surface, or to a greater depth, if, in tlic opinion of the engi¬ 
neer, there is a possibility of a deepening of the waterway, and any other 
surfaces as the engineer may decide .shall be so considered) shall be "niblxid 
mortar" finished. 

ig) A "rubbed-mortar" finish shall l>c produced as fdlows: 

As soon as the mortar used in filling surface defects has taken a firm set, 
the surface to be finished shall be moistened and th oroughly rubbed or 
ground with a carborundum brick or similar tool to remove from such sur¬ 
faces all inert sand and cement materials and to eradicate all impressions 
of form work. When the surface under treatmcrit has been rubbed to a 
smooth and even surface, the pasty material adhering to the surface shall 
be entirely washed off and the surface shall be again wet rubbed until a small 
accumulation of fine-grained paste is produced. This paste shall not be 
removed, but shall be carefully spread with a moist whitewash brush to form 
a uniform, very thin coating upon the surface of the concrete. This coating 
shall remain undisturbed until it has attained a firm .set. 

(h) Final surface finishing shall not be done in freezing weather or when 
the concrete contains frost. In cold weather the prelirT’inary rubbing neces¬ 
sary to remove the inert sand and cement materials and surface inequalities 
may be done without the application of water to the concrete surfaces. 

36. Sidewalk Finish. —(a) Unless otherwise jirovided. the finishing of 
sidewalk areas upon bridge structures shall consist essentially rif the following 
treatment, following the general 8crecdmi( of the surface as specified in Sec. 
18 (k), Handlini^ and Placing. A margin 4" in width shall he outlined 
adjacent to the base of the sidewalk hand rail by tautly stretching a cord 
having a diameter of to upon the freshly .screeded surface, following 
which this margin or strip shall be finishcrl smooth by the use of a plaster 
mason’s trowel, and in this operation the cord shall be pre.ssed firmly into the 
concrete to produce a clearly defined margin. Similarly, a margin 6" in 
width shall oe defined smooth upon the curb side or edge of the sidewalk. 
When the sidewalk upon the bridge does not cf)nncct with a crmcrctc sidewalk 
upon the approaches to the bridge, the enfk of the sidewalk shall l>e finishcrl 
with a margin 4" in width to conform with the finish along the curb- othcrwir.e 
the finish at the ends shall be such as to match the rnargins used upon the 
slab of the approach sidewalk. Following the finishing of the margins as 
above specified the entire midarea of the sidewalk slab snail be finished with 
a short wooden float which shall be moved in small circles to produce a shcll- 
like pattern upon the surface of the concrete. Care shall be exercised not to 
"float" beyond the cord marks upon either margin. Unless otherwise 
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provided upon the plans, the sidewalk area shall not be divided into long¬ 
itudinal sections by transverse gnrooves cut with the tool used for that 

f )urpose upon ordinary sidewalk work. Transverse grooves produce 
incs of weakness in the sidewalk slab which tend to develop cracks at these 
locations. 

Precast Sections 

37. Forms or Molds. — (a) Forms or molds for precasting hand rail or other 
sections shall fulfil all specified requireiuenls for form materials and construc¬ 
tion. Metal or rnetai-lined forms shall be usc<l only when the smooth 
surfaces they produce harmonize with otlier face surfaces of the structure. 

38. Casting.-y—(<i) The metal reinforcement shall be placed and rigidly 
held in the position shown upon the detail plans. 

(6) The methods used for depositing and placing the concrete shall fulfil 
the specified requirements for this work. See Sec. 18, Handling and Placing. 
The surface of the concrete corresponding to the open side of the form or 
mold shall be floated, troweled, or otherwise finished to produce a uniform, 
even surface texture comparable to the “formed” surfaces of the section or 
member. Proper curing conditions shall be provided. 

39. Stripping and Finishing.— (a) Precast sections shall not be removed 
from the forms until the concrete has attained ample set to permit the work 
to be done without danger of spalling, cracking, or other injary. 

(6) The finishing of the concrete surfaces shall not he undertaken until the 
concrete has attained a “hard” set. The finishing of surfaces by breaking 
up the “green■' set shall not be permitted. 

40. Assembling.— (a) In the assembling of precast sections the methods < f 
lifting, transporting, and otherwise handling the sections shall be such as net 
to subject them to stresses producing fractures, incipient cracks, or other 
defects. 

(6) Assembled sections shall be held rigiiily in position by braces, struts 
or other supports until incorporated in the finished structure. 

Floor Slabs on Metal Structures 

41. Floor Slabs on Metal Structures.— (a) The materials, methods of 
construction, etc., used in placing rcinforccd-concrctc floor slabs upon metal 
bridge structures shall, in general, conform to th.e specified requirements for 
the construction of bridge superstructures composed entirely of reinforce l 
concrete. 

(b) Especial care shall be taken during construction operations to protect 
the metal portions of the structure against disfigurement by spatters, splas]> 
ing, and smirches of mortar and concrete. Following the placing of the 
concrete, the metal surfaces shall be thoroughly cleaned without injuring the 
paint upon them. This work shall be done at the contractor’s expense. 

Miscellaneous 

43. Foundation under Concrete. — v*’) Where concrete is to be placed on 
an excavated earth surface other than rock, especial care shall be taken not 
to loosen or disturb the bottom of the cxcavatrm and the final removal of 
material to the finished foundation elevation shall not be made, except in the 
case of concrete roadway slabs on bridge approaches, until immediately 
before the concrete is to be placed. The cxcavati m elevations showm on the 
plans for abutments, piers, an<i retaining walls shall be considered only as 
approximate and may be changed to elcvati ns securing satisfactory founda¬ 
tion conditions. Placing of concrete in cxcavat4ons shall not be commenced 
until the depth and character of the foundations have been examined and 
approved by the engineer. All rock or “near-rock” foundation surfaces 
shall be free from loose pieces, cut to firm surfaces, leveled, or stepped, if 
necessary, and thoroughly cleaned to secure a proper bond with the concrete. 

43. Drainage.— (a) Scuppers, grating, down pipes, or other openings or 
fixtures intcnclcd to provide a means of drainage for the roadway or sidewalks 
shall be provided as shown on the plans or as required by the engineer. 
Special attention shall be given to the matter of providing discharge clear of 
all steel or other parts of the structure subject to injury therefrom. 

STATE HIGHWAY DEPARTMENT OF TEXAS 
Item 85. Concrete 

85.x. Description. - Concrete shall Ihj composed of Portland cernont, fine 
and coarse aggregate, each measured separately ami accurate'y by volume, 
and water, mixed as provided in these specifications, and shall be constructed 
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where, and of the form, dimensions, and design shown on the plans. Con¬ 
crete shall be classified and proportioned by volume as follows, and in no 
event shall the number of bags of cement of 94 lb. each used per cubic yard 
of concrete in place be less than the number required below: 



Parts Aggregate 

Bags Cement to 

Class 

to I Cement 

Cubic Yard 

A 

6 

6.0 

B 

7 H 

50 

C 

9 

4-5 

D 

S 

7.0 


85.2. The engineer shall reflate the proportion of fine to coarse aggregate 
to secure the maximum density and, in general, the proportions in terms of 
the three ingredients shall approximate the following normal ratios for the 
several classes of concrete: 

Class A 1-2 -4 

Class B i-aM-S 
Class C 1-3 -6 

Class D 1-2 -3 

85.3. When the class of concrete reouired is not expressly indicated on 
the plans, the following requirements shall govern: 

1. For superstructure, arch rings, walls, or other parts of a structure having 
a least dimension less than i\ and fur all heavily reinforced concrete except 
where Class D is used, and for concrete deposited under water. Class A 
concrete shall be used. 

2. For substructures having a minimum thickness of at least i', and in 
which all steel is embedded at least 3" (5^' where below low water), and does 
not carry calculated stress, Class B concrete shall be used. 

3. For unreinforced footings, not deposited under water, Class C concrete 
shall be used. 

4. For railing, rail posts, and other very thin sections Class D concrete 
shall be used. 

85.4. Materials.—The coarse aggregate shall consist of broken stone or 
gravel conforming to the following requirements: 

Broken stone shall consist of clean, tough, durable fragments of rock 
(excluding schist, shale, or slate) of unifurm quality throughout, shall be 
free from an excess of thin or elongated picres, soft or disintegrated stone, 
dirt, organic, or other injurious matter occurring either free or as a coating on 
the stone. All stone shall have a per cent of wear of not more than 6. All 
limestone shall meet the requirements of the soundness test. 

85.5. Gravel shall consist of clean, har<i, dur.ablc, uncfutted pebbles having 
a per cent of wear of not more than 15 (alirasion test for gravel) and shall be 
free from soft, thin, or laminated pieces, disintegrated stone, dirt, organic, 
or other injurious matter occurring either free <ir as a coating on the stone. 
Where reinforcing steel is to be used, gravel shall be free from salt and alkali. 
Pit or bank-run gravel shall not be used. 

85.6. Grading. —Coarse aggregate shall be w’cll graded, and w'hen tested 
bv laboratory methods, 95 to 100 % shall be retained on the screen for 
all classes. 

85.7. For Class A, 95 to 100 % shall pass the i and 40 to 75 % shall pass 
the screen. For massive sections of a concrete Class B grading may be 
used when expressly permitted. 

85.8. For Class B, 95 to 100 % sh.all pass the 2^, and 40 to 75 % shall pass 
the and he retained on the screen. 

85.0. For Class C, 95 to 100% shall pass the 3, and 40 to 75% shall pass 
the and be retained on the C' screen. 

85.ZO. For Class D, all shall pass the ^4, and 30 to 75% shall pass the 
H" screen. 

85.11. When A concrete is required in thin sections less than 8" in thick¬ 
ness, the material shall all pass the screen. 

85.12. Coarse aggregate conforming in all respects to the above require¬ 
ments except grading may be used, provided that concrete made from such 
material meets the requirements of the strength test hereinafter specified. 

85 .13. Pine aggregate shall consist f)( sand, or a combination ol sand and 
not more than 50% of stone screenings, conforming to the following 
reauirements: 

85.14. Sand shall be composed of clean, hard, durable, uncoated grains, 
free from lumps, s ift or flaky particles, loam, organic or other injurious 
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matter. Where reinforcing steel is to be used, sand shall be free from sal 
or alkali. 

85.15* Stone screenings shall consist of the clean, dustless product resulting 
from the crushing of stone, meeting all the requirements for coarse aggregate 
except for grading, and free from lumps. 

*85.16. Pine aggregate shall be well graded from coarse to fine and shall 
meet the following requirements: 


Passing the screen. 95-100% 

Passing 20-mesh sieve. 35- 70% 

Passing so-mesh sieve. 5- 30% 

Passing loo-mesh sieve. o- s% 


Weight removed by elutriation test not more than 3 %. 

85.17. When subjected to the color test for organic impurities, the fine 
aggregate shall not show a color darker than the standard color. 

85.18. Fine aggregate conforming to all requirements except grading and 
color, and mortar strength hereinafter specified, may be used, provided that 
c tnerete made from such material shall meet the requirements of the concrete 
.strength test hereinafter specified. 

85.19. Cement shall conform to the requirements for Portland cement 
prescribed in U. S. Department of Agriculture Bulletin 1216. The cement 
shall be stored in such a manner as to permit easy access for proper inspection 
and identification of each shipment, and in a suitable weather-tight building 
which willprotect the cement from dampness. 

85.20. Water shall be clean, clear, free from oil, acid, alkali, or vegetable 
matter and shall not be used until the source of supply has been approved. 
If at any time the water from this source shall become of unsatisfactory 
quality or insufficient quantity the contractor may be required to provide 
satisfactory water from some other source. Water of doubtful quality 
shall be tested in briquettes as provided under Mortar Strength of this 
specification and the test results shall be equal to those made from water of 
known satisfactoiw quality. 

85.21. Mortar Strength. —When the fine aggregate is mixed with Portland 
cement in the proportion of 1:3, the tensile or compressive-strength ratio 
compared to Ottawa-sand mortar briquettes of the same proportions and 
consistency shall be not less than 100% at 7 and 28 days. 

85.22. Concrete Strength Test.—Concrete materials may be submitted 

to the following test and shall be considered to pass the concrete strength 
test when the following strength requirements are fulfilled. In no case, 
however, shall aggregate be used which contains more than 3% of material 
removable by the elutriation test, nor shall coarse aggregate contain more 
than of clay or dust. 

85.23. The coarse aggregate, fine aggregate, cement, and water proposed 
for use shall be mixed in the same proportions and to the same consistency 
that they are to he used in the work, and tested as prescribed in U. S. Depart¬ 
ment of Agriculture Bulletin 1216, anrl at least the following compression 
strengths shall be obtained, for the several classes; 


Class 

7-day Test 

28-day Test 

A 

1300 

2000 

B 

1000 

1700 

C 

900 

1500 

D 

1700 

2500 


85.24 .—The seven-day requirements may be waived. The exact propor¬ 
tions may be varied, with the approval of the engineer, to obtain the strength 
desired and the new proportions used in the work, but the proportions of 
cement to total aggregate sh.all not be less than hereinafter prescribed, only 
such proportions shall be used as will pro«lucc a workable mixture, and no 
allowance shall be made the contractor for altered or additional work or 
material involved in the reproportioning. 

85.25. Hydrated Lime. —This material delivered to the work in the original 
packages may be used to an amount not exceeding 10% by volume of the 
Portland cement. Each package shall he clearly marked to show the brand, 
the net weight, the name of the manufacturer, and place of manufacture. 
It shall comply with the current specifications of the A.S.T.M. 

85.26. For hand-mixed concrete the lime shall be well mixed while dry. 
It shall bo considered as an additional material, not as replacing any cement. 
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The use of hydrated lime, unless otherwise specified, is optional with the 
contractor except that it shall not be used m concrete deposited under 
water, and no compensation for it will be allowed the contractor. 

85.27. All sampling of materials shall be as required in U. S. Department 
of Agriculture Bulletin 1216. Cement shall be packed, shipped, stored, and 
inspected as prescribed in Bulletin 1216. 

85.28. The niethod of storing and handling aggregate on the work shall be 
such as to avoid segregation of sizes, and mixture of the material with mud. 
dust, or trash. When deemed necessary, the engineer may order the use of 
platforms for the storage of coarse aggregate. Aggregate shipped in dirty 
cars or containers, or that becomes mixed with weeds, dirt, or foreign material 
or that is not un.K^rtn, or th.c component parts of which hav'c become segre¬ 
gated. shall be rejected. Preferably, no aggregate shall be stored or dumped 
on the roadbefl. 

85.29. Construction Methods.—All equipment, tools, and machinery used 
for nauling materials and performing any part of the work must be approved 
by the engineer and must be maintained in satisfactory working conaition. 

, 85.30. Falsework for supporting concrete work shall be built on founda¬ 
tions of sutlioient strength to cany the load without appreciable deformation. 
Falsework which cannot be f ^unded on soli(i footings must be supported by 
ample falsework piling. Falsework shall be designed to carry the full loads 
coming upon it. For single-span bridges falsework shall be given a perma¬ 
nent camber equal to Ho" per foot of clear span. Multiple-span bridges 
shall be given the amount of camber specified on the plans. In general, 
double wedges or other suitable means shall l>e provided for constructing false¬ 
work and forms to correct lines. On important structures, when requested 
by the engineer, the contractor shall submit plans for falsework and forms 
for checking and approving before the falsework is constructed. No extra 
compensation will be allowed for falsework. 

85.31. Wood or metal forms shall be constructed of materials sufficient in 
strength to hold the concrete without bulging betw’een supports. The 
material to be used in wood forms for exposed surfaces shall be sized and 
dressed lum.ber, free from knot holes, loose knots, cracks, splits, or other 
defects affecting its strength, the accuracy, or the appearance of the finished 
concrete surfaces, and in general shall be at least iM" thick. Tongue and 
grooved material may be required by the engineer. If metal forms are used, 
all bolt and rivet holes shall be countersunk so that a plane, smooth surface 
will be obtainc'l. 

85.32. In (leugning forms and centering, the concrete shall be treated as a 
liq-ud weighing 150 lb. per cubic foot for vertical loads, and 85 lb. per cubic 
foot for horizontal prc'sure. The unsupported length of the wooden columns 
and compression members shall not exceed thirty times the diameter or 
least side. 

85.33. Forms shall be so designed and constructed that thev may be re¬ 
moved without inj'iry to the concrete. Blocks and bracing shall be removed 
with the forms and in no case shall any portion f>{ the wood forms be left 
in the concrete. Special attention shall be paid to the ties and bracing, 
and where the forma appear to be insufficiently braced, or unsatisfactorilv 
built, either before or during construction, the engineer shall order the work 
to be stopped until the defects have been corrected to his sati.sfaction. If 
the forms bulge or .sag at any point when the ccmcrcte is placed in them, the 
portion of concrete causing the distortion shall be immediately removed and 
the forms properly repaired and .strengthened before continuing the work. 
The forms shall be so constructed that the finished concrete shall be of tke 
form and flimcnsions as shown on the plans and true to line and grade. 

85.34. Forms shall be filleted at all sharp corners and shall be given a V>cvel 
in the case of all projections, such as girders, copings, etc., sufficient to insure 
their easy removal. 

. 85.55. To insure a first-class surface finish on the concrete, the forms shall 
be painted with a colorless oil, or some other satisfactory means taken to 
prevent the concrete adhering to them. The forms shall be thoroughly 
drenched with water immediately before the concrete is placed in them. 
They shall be inspected immediately preceding the placing of concrete, any 
bulging or warping shall be remedied, and all dirt, sawdust, shavings, or other 
debris within the forms shall be removed. 

85.36. For narrow walls where access to the bottom of the forms Is not 
readily attainable otherwise, the lower form boards shall be left loose so 
that they may be removed for cleaning out all chips, dirt, sawdust cr other 
extraneous material immediately prior to placing concrete. 
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85.37. Form lumber which is used a second time shall be thoroughly 
cleaned and shall be free from bulge, splits, or warps. 

85.38. Measuring Materials.—All materials shall be separately and 
accurately measured by volume, unless otherwise specified, and each batch 
shall be uniform. The coarse and fine aggregate siiall be measured loose 
and separately. No computed change in volume for moisture content 
shall be considered. A bag of cement (America.i) as packed bv the manu¬ 
facturers and weighing 94 lb. shall be considered i cu. ft. The contractor 
shall furnish and use approved measuring boxes, iians, or medianical devices, 
which in operation will give the exact volumes of coarse and fine aggre¬ 
gate required for the several classes of concrete required, and so designed 
and plainly marked that the inspector can accurately and conveniently 
check the quantities of each aggregate actually btmg used. 

85.39. Consistency.—Toe quantity of water to be used shall be deter¬ 
mined by the engineer, and not varied without his consent, Tlie contractor 
shall furnisli and use with the mixer an approval adjustable water-measuring 
device which will prevent excess water tlowuig ,nto the mixer in order that 
the consistency may be under positive control, and all batches may be of the 
same consistency. 

85.40. In general, the minimum amount of water shall be used which will 
produce the required workability. Tiio mortar shall chng to the coarse 
aggregate, and shall show no free water wdicii removed from the mixer. 
The concrete when being transported m a clean metal chute at an angle of 
30® to the horizontal shall slide, and not flow, and wh.en drnppc I directly 
from the discharge chute of the mixer, shall flatten out at the center of the 
pile, but shall stand up and not flow at the edges. TliC upi)er surface of 
the set concrete shall show a cement film upon the surface, but sliail lie free 
from Uitancc. In no case shall an anumnt of water be used suflicient to 
cause the collection of a surplus on tb.e s- rface. 

85.41. Mixing Conditions.—The concrete shall be mixed in the quantities 
required for immediate use and any winch has developed initial set, or whicii 
is not in place within 30 min, after t’ e water has been added, shall not lie 
used. No concrete shall be mixed while the air temperature is at or below 
35®?. without the approval of the engineer. Retempering of concrete or 
mortar will not be allowed. ^ 

85.43. Mixing.—The mixing shall be done in a batch-mixer of approved 
type which wnll insure the uniform distributi >n of the material thrv>ughout 
tlic mass so that the mixture is uniform in c(*lor and smooth in appearance. 
The mixing shall continue for a minimum lime c.f nun. after all the 
ingredients are assembled in the drum, during which time the drum shall 
revolve at the specil for which it was de.^igned but shall make not less tlian 
14 nor more than 20 r.p.m. The mixer sluill IxM tiuipped with an attachment 
for satisfactorily locking the discharging device so as to prevent tb.e emptying 
of the mixer until all the materials have been mixed togeiiicr f"r t he mininmr-* 
time required. The entire contents ('f the drum sh.all be dihcl.ai -^d bcfoie 
any materials are placcil therein for the succeeding batch. The mixer sliall 
be equipped with bucket and boom delivery unless otherwise permitted by 
the engineer, have a capacity of not less than three bags ot cement per 
batch of concrete of the composition herein specified, and a speed regulator 
to hold the mixer to its n-irmal spec 1 of revolution. 

85.43. Hand Mixing. —Hand mixing will not be allow^ed except with the 
specific permission of the engineer on very small jobs or in ca^e of an emer¬ 
gency. when hand mixing is permitted it shall be done on a water-tight 
platform. The fine aggregate and cmient, sh.all first be mixed until a uni¬ 
form color is attained and then sprc.ad over the mixing board in a tliin layer. 

85.44. The coarse aggregate, which sh.ill have been previously drenched, 
shall then be spread over tb.e fine aggregate and cement in a uniform layer 
and the whole mass turned as the water is added. 

85.45. After the water has been n«ldo<i, the mass shall be turned at least six 
times, and more if necessary, to make the mixture, uniform in color and smooth 
in appearance. Hand-mixed ! atcchs shall not exceed ^<2 t:u. yd. in volume. 

85.46. Placing. —No concrete shall be p<nircd in foundation until the 
engineer has approved the depth and character of tlie foundation, nor shall 
any concrete be poured in forms until the engineer has approved the placing 
of the steel. 

85.47. The concrete shall be placed in the forms immediately after mixing 
and in such manner as to avoid the separation or segregation of the aggregate. 
The miiring plant shall be equipped and arranged so as to permit the mixing 
and placing of the concrete quickly and uniformly. 
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85.A8. In depositing the concrete, care shall be taken to fill the form 
entirely, and to compact the concrete by continuous tamping, slicing, and 
spading, but not to bulge or distort the forms or to disturb their alignment. 
Any porous section shall be removed at the expense of the contractor. 

85.40. When concrete is deposited through chutes, the angle of the same 
with the horizontal shall be such as will allow the concrete to slide slowly 
and without separation of the aggregate. The delivery from the spout shall 
be as close as possible to the point of deposit. Chutes shall preferably be 
of metal, but if of wood, metal lined, they shall be kei^t clean and free from 
material adhering to their sides and shall be thoroughly flushed with water 
before and after each run. 

85.50. The use of long chutes will be allowed only with written permission 
of tne engineer, and such permission will not be given for work which will 
be exfiosed to salt or brackish water. 

85.51. Pipes when used shall be kept full of concrete, and the discharge 
end shall be kept buried in fresh concrete, and shall meet the requirements 
prescribed for tremics. 

85.5a. Depositing large quantities at one point in the forms, and running 
and working it along the forms, will not be permitted. Special care shall 
be taken, in filling the forms, to w’ork the coarser aggregate away from the 
face of the forms and to force the concrete under and around the reinforce¬ 
ment The concrete shall be worked with a steel slicing rod, or other satis¬ 
factory implement, m such a manner as to bring a thick layer of mortar in 
contact with the forms and reinforcement, and to prevent the formation of 
pockets of stone. 

8553. All faces shall be spade*!. Portions inaccessible to slicing rod or 
spade shall be worked by vibrating the f<<rms by wooden mallets or as 
directed by the engineer. After the concrete has taken its initial set, care 
shall be exercised to prevent walking on tlie concrete, to avoid jarring the 
forms or knocking or straining projecting reinforcement. 

85.54. Concrete shall be placed in continuous horizontal layers, in general 
not over i' in thickness. When a nvoiolithic layer cannot be completed in 
one operation, it shall be terminated with a vertical bulkhead. No feather¬ 
ing out will be tolerated. The batches of concrete shall follow the preceding 
batch closely l)ef >re any initial set can take place in order to prevent lines 
of demarcation between batches. Successive horizontal layers shall bo 
bonded to each other. The s srface of each layer shall be left rough or other 
provision for bondinij made as required. 

85.55. Joints.—Joints may be constructed joints or expansion joints of 
either the sliding or filled type. 

85.56. Construction Joints.—Wherever the work of placing concrete is 
delayed until the concrete shall have taken its initial set. the point of stop¬ 
ping shall be deemed a construction joint. So far as possible the location of 
construction joints shall be planned in advance and the placing of concrete 
carried continuously from joint to joint. Those joints shall be perpendicular 
to the principal lines of stress and, in general, shall be located at points of 
minimum shear. 

85*57. Where dowels, reinforcing bars, or other adeciuate tics are not shown 
on the plans or renuired by the engineer, keys shall be made by imbedding 
water-soaked beveled timbers of a size shown on the details, or as directed 
by the engineer, in the soft concrete, which shall l>c removed when the con¬ 
crete has set. In resuming work, the surface of the concrete previously 
placed shall be thoroughly cleaned of dirt, scum, laitance, or other soft 
material, with stiff wire brushes, and if deemed necessary by the engineer, 
shall be roughened with a steel tool. The surface shall then be thoroughly 
washed with clean water and painted with a thick coat of neat cement mortar, 
after which theplacing of concrete may proceed. 

85 ; 5 «- No concrete work shall be stopped or temporarily discontinued 
within 18" of the top of any finished surface, unless such work is finished 
with a coping having a thickness less than I8'^ in which case the joint shall 
be made at tne under line of the coping. 

85.59. In construction joints exposed to view where seepage of water is 
particularly objectionable, a mctai baffle strip, preferably of copper, sine, 
or sheet lead, shall be inserted. The strip shall be placed not less than 3'' 
from the face of the concrete and shall extend into each section of the concrete 
a distance of not less than 2". 

85.60. Sliding joints shall bt constructed as provided at ends of slabs, 
girden, or beams or between walls, etc. The surface of the supporting 
ooocrete shall be given a smooth finish and covered with two layers ot three* 
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ply roofinfi: felt or other material as prescribed to separate the concrete. All 
metal sliding surfaces shall be coated with graphite and grease just before 
being placoa in position, and care shall be exercised to prevent any deposit 
of concrete which will interfere with the sliding action. 

85.61. Concretiag in Cold Weather. —No concrete shall be placed when 
the atmospheric temperature is below 35 “^. unless permission to do so is 
>'r:inted in writing by the engineer. When such permission ;s given, the 
following requirements shall govern: 

85.6a. The contractor shall furnish sufficient canvas and framework, or 
other type of housing to enclose and protect the structure in such a way 
that the air surrounding the fresh concrete can be kept at a temperature of 
not less than 4S“F. for a period of s days after the concrete is placed. 

85.63. Sufficient heating apparatus, such as stoves, salamanders, or 
s^eatii equipment, and fuel to furnish all required heat, oball be supplied. All 
wiier using for mixing concrete shall be heated to a temperature of at least 
70, but nut over 150°?. Aggrep.otes shall be heated either by steam or by 
dry heat to a temperature of at least 70, but not ov^cr I50°F. The heating 
apparatus sha’l be such as to heat the mass uniformly and preclude the 
p issihilitv of the occurrence of hot spots which will burn the material. The 
temoerature of the mixed concrete shall not be less than 6o“F. at the time 
of placing in the forms. 

85.64. The contractor shall assume all risk connected with the placing of 
concrete during freezing weather, and permission given by the engineer to 
place concrete during such time will in no way relieve the contractor of 
responsibility for satisfactory results. Should concrete placed under such 
conditions prove xinsatisfactory, it shall be rcjectc 1 , It is understood that 
the contractor is responsible for the quality and strength of concrete placed 
under any and all weather conditions. 

85.65. Depositing in Water.—Concrete shall be deposited in water only 
with the permission of the engineer and under his supervisi >0. It shall ^ 
Class A concrete with 10% of excess cement. The cofferdams shall be 
sufficiently tight to prevent any current passing through the space in which the 
concrete is to be deposited. Pumping will not be permitted m the cofferdams 
while the concrete is being placed, nor until it has reached its initial set. 

85.66. When depositing in water is allowed, the concrete shall be carefully 
placed in the space in which it is to remain in a compact mass by means of a 
Iremie, closed-bottom dumping bucket, or other approved method that 
does not permit the concrete to fall through the water without adequate 
protection. The concrete shall not be disturbed after being deposited. 
No concrete shall be placed in running water, and forms which are not 
reasonably water-tight shall not be used fnr holding concrete deposited 
under water. Depositing shall be regulated to produce approximately 
horizontal surfaces. 

85.67. When a tremie is used, it shall consist of a tube having a diameter of 
not less than 10". constructed in sections having flanged couplings fitted with 
gaskets. The me.ans of supporting the tremie shall be such as to permit the 
free movement of the disenarge end over the entire top surface of the work 
and shall be such as to permit it to be rapidlv lowerctl when necessary to 
choke off or retard the now. The discharge end shall be entirely sealed at 
all times and the tremie tube kept full to the bottom of the hopper. When 
a batch is dumped into the hopper the Iremie shall be slightly raised, but 
not out of the concrete at the bottom, until the batch discharges to the 
bottom of the hopper. The flow is then stopped by lowering the tremie. 
The flow shall be continuous and in no case shall be interrupted until the 
work 18 complete. 

8s.68. When concrete is placed by means of a bottom-dump bucket, the 
bucket shall have a capacity of not less than M cu. yd. The bucket shall 
be lowered gradually and carefully until it rests upon the concrete already 
placed. It shall then be raised very slowly during the discharge travel, the 
intent being to maintain, as nearly as possible, still water at the point of 
discharge and to avoid agitating the mixture. 

85.69. Rubble or Cyclopean Concrete. —Rubble or cyclopcan concrete 
shall consist of either Class B or Class C concrete, in which is imbedded large 
individual stones in accordance with the following requirements: 

85.70. This class of concrete shall be used only in massive piers, gravity 
abutments, and heavy footings and only with the approval of the engineer. 

85.71. Tbe stone for this class of work shall be of the quality required 
for coarse aggregate, and may be one-man stone or derrick stone as specified 
heretnbelow. 
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85.7a. The stone shall be carefully placed (not dropped or cast) and the 
method of placinfj shall be such as to avoid injury to the forms or to the parti* 
ally set adjacent masonry. Stratified stone shall be placed upon its natural 
bed. All stone shall be thoroughly saturated with water before being placed. 

85.73. The total volume of the stone used shall not be ^ater than one- 
thiid of the total volume of the portion of the work in whi<m it is placed. 

. 85.74. For walls or piers greater than 2' in thickness, one-man stone may 
be used. Each stone shall be completely surrounded by a layer of concrete 
not less than 6 '* in thickness. No stone shall extend above a point 1' below 
the top surface of any wall or pier nor shall it extend within less than 8 " of 
anv coping. 

85.75. For walls or piers greater than 4' in thickness derrick stone may be 
used. Each stone shall be completely surrounded by a layer of concrete 
not less than i' in thickness. No stone shall extencl above a point of 2' 
below the top surface of any wall or pier nor shall it extend within less than 
8" of any coping. 

85.76. Concrete Exposed to Sea Water.—For concrete exposed to the 
action of sea water, the following requirements shall govern: 

85.77. Concrete for walls 2 feet or less in thickness shall be mixed in the 
proportions specified for Class A concrete with 10% additional cement. 
For mass walls, that portion of the surface exposed to the action of salt water 
and for a distance of at least 2' inward from the exterior of the mass shall be 
constructed as above specified, while the interior of the mass may be con¬ 
structed of concrete as specified on the plans and mixed in the ordinary 
manner. The original surface as the concrete comes from the forms shall 
be left undisturbed. In order to secure a thick and dense surface film, the- 
form surfaces shall be heavily coated with shellac or an approved form oil. 
No construction joints shall be located between points 2' below extreme low 
water and 4' above extreme high water. 

85.78. In general, reinforced concrete shall not be used in sea water. 
However, when it is used, the reinforcement shall be placed as far from the 
surface as is consistent with the design and shall be proportioned to withstand 
a stress of not more than three-fourths of the allowable stress. The mini¬ 
mum clear distance from the face of the concrete to the nearest face of any 
reinforcing bar shall in no case be less than s'' except in precast concrete 
piles, where a 3" minimum may be used. 

85.79. Concrete exposed to the action of drift or to impact and abrasion 
from any cause shall be protected by encasing that portion of the surface, 
extending from an elevation at least 4' above high tide to an elevation 4' 
below low tide, with a special sheathing or protective armor as shown on 
the plans or noted in the supplemental specifications, and provision shall be 
made in the size of the original cofferdam for sufficient clearance to permit 
access to the masonry surface for the installation and effective anchorage of 
this sheathing. 

85.80. The protective armor above noted may be of metal plates, a vitri¬ 
fied brick, or dense stone facing, a dense mortar facing placed simultaneously 
with the interior of the wall by means of baffle plates, treated timber sheath¬ 
ing, or other approved construction. 

85.81. When 80 specified, the cofferdam may be constructed above the 
mud line with treated material and left permanently in place. In this case, 
the space between the neat masonry lines and the interior of the cofferdam 
shall be filled with waterproof material. 

85.8a. Concrete between the tide limits above specified shall not^ in any 
case, be deposited in sea water. In no case shall fresh concrete within those 
limits be exposed to the action of sea water nor shall salt water be allowed to 
come in contact with the concrete until it shall have been allowed to set 
for at least 30 days and preferably for a longer period. 

85.83. Concrete piles when used in alkali soils shall, unleM otherwise 
specific, be subject to the same requirementa as are provided hereinabove 
for concrete piles in sea water. 

85.84. Concrete Exposed to Alkali Soils or Water.—In general, the same 
requirements as above specified for concrete in sea water shall govern the 
construction of concrete in alkali soils or water. When so s];>ecified, the 
forms below the ground line may be constructed of treated timber, water¬ 
proofed with a brush coating of a suitable bituminous material, and left 
permanently in place. In lieu of the above, the surface of the concrete 
below ground may be treated with an approved system of membrane water¬ 
proofing or may be protected by a sheathing of suitable design, (terete 
shall not be allowed to come in contact with alkali soil or water until it 
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shall have been allowed to set for at least 30 days and for a longer period if 
possible. No construction joints shall be permitted below an elevation of 2* 
above the ground line. The surface film shall be left intact as it comes from 
the forms. To secure a heavy and dense surface film, the form surfaces 
shall be heavily coated with shellac or an approved form oil. The soil 
around footing;s placed in alkali soil shall be thoroughly and effectively 
drained to avoid a concentration of salts at or around the footings. 

85.85. Removal of Forms.—In order to make possible the obtaining of a 
satisfactory surface finish, forms on ornamental work, railings, parapets, 
and exposed vertical surfaces shall be removed in not less than 12 nor 
more than 48 hr., depending upon weather conditions. Forms shall always 
be removed from columns before removing shoring from beneath beams or 
girders, in order to determine the condition of concrete in the columns. 

85.86. The following table shall serve as a guide for the minimum time 
required before the removal of forms, not counting the days in which the 
temperature is below 40®F,: 


Centering under beams. 28 days 

Floor slabs. ... .14 to 28 days 

Walls. 7 days 

Columns. 10 days 

The sides of beams, and all other parts. 7 days 


85.87. No forms whatever shall be removed at any time without the 
consent of the engineer. Such consent shall not relieve the contractor of 
responsibility for the safety of the work. As soon as the forms are removed 
all bolts, wires, or other appliances which hold the forms and which pass 
through the concrete shall be cut off or set back i" below the surface. All 
rough places, holes, and porous spots shall be filled with mortar composed 
of i part Portland cement to 2 parts sand. 

85.88. Defective Work.—Any defective work discovered, after the forms 
have been removed, shall be removed immediately and renewed. If the 
R jrface of the concrete is bulged, uneven, or shows excess honeycombing or 
f )rm marks, which in the opinion of the engineer cannot be repaired satis¬ 
factorily, the entire section shall be removed and renewed, and no compen¬ 
sation will be allowed for the work or material. 

85.89. Curing Concrete.—Careful attention shall be given by the con¬ 
tractor to the proper curing of concrete hand rails, floors, and finished sur¬ 
faces. Such surfaces shall be protected from the sun and the whole structure 
shall be kept wet for a period of at least 7 days. All concrete floors shall 
be covered as soon as possible with sand, earth, or other suitable material 
and kept thoroughly moistened for a period of at least 10 days by sprinkling 
each morning and evening, or more frequently if deemed necessary by the 
engineer. The covering material shall not be cleared from the surface of 
the concrete floor for a period of at least 28 days. 

85.00. Unless otherwtse permitted by the engineer, concrete bridge floors 
shall be closed to traffic for a period of at least 21 days after placing, and for 
such additional time as it may be deemed advisable. 

85.91. Finish.—The external surface of concrete shall be given one of the 
following finishes as required on plans: 

85.9a. Class I. Surface Finisa. —As soon as the pointing has set suffi¬ 
ciently to permit it. the entire surface shall be thoroughly wet with a brush 
and rubbed with a No. 16 carborundum stone or an abrasive of equal quality, 
bringing the surface to a paste. The rubbing shall be continued sufficiently 
to remove all form marks and projections, producing a smooth, dense surface 
without pits or irregularities. 

85.93. The material which, in the above process, has been ground to a 
paste shall be carefully spread or brushed uniformly over the entire surface 
and allowed to take a '^reset." The final finish shall be obtained by a 
thorough rubbing with a No, 30 carborundum stone or an abrasive of equal 
quality. This rubbing shall continue until the entire surface is of a smooth 
texture and uniform in color. 

85.94. After the final rubbing is completed, the surface shall be thoroughly 
drenched and kept wet for a period of 7 days, unless otherwise directed. 

^.95. Railing balusters and other precast members which have been 
disfigured by the drip from the abrasive shall be thoroughly cleaned by 
means of a dilute solution of muriatic acid. 

85*08* Class a. Surface Finish.—After the pointing has set sufficiently 
to permit it, the entire surface shall be thorou^ly wetted and rubbed with 
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a No. x6 carborundum stone or an abrasive of eqtial quality to bring the 
surface to a smooth texttxre and remove all form marks. The paste formed 
by the rubbing as above described may be finished by carefully stripping 
with a clean brush, or it may be spread uniformly over the surface and 
allowed to take a ‘'reset," after which it may be finished by floating with a 
canvas, carpet-faced, or cork float or rubbed down with dry burlap. 

85.97. l^eatment and Finish for Horizontal Surfaces Mot Subjected to 
Wear.—All upper horizontal surfaces such as the tops of hand-rail posts and 
caps and the tops of parapets, copings, and bridge seats shall be formed by 
placing an excess of material in the forms and removing or striking on 
such excess with a wooden templet, forcing the coarse aggregate below the 
mortar surface. The use of mortar topping for concrete railing caps and 
other surfaces falling under this classification shall in no case be permitted. 

85.98. The final nnish for caps and railings shall be obtained in one of the 
following ways: 

85.p9. s. Brush Finish.—After the concrete has been struck off, as above 
descnt^d, the surface shall be thoroughly worked and floated with a wooden, 
canvas, or cork float, the operation to be performed by skilled and experienced 
concrete finishers. Before this last finish has set, the surface shall be lightly 
striped with a fine brush to remove the surface cement film, leaving a fine¬ 
grained, smooth, but sanded texture. 

85.X00. b. Float Finish.—In lieu of the above, the surface may be finished 
with a rough carpet float or other suitable device, leaving the surface even, 
but distinctly sandy or pebbled in texture. 

85.101. e. Ground or Terrazzo Finish.—When specified, the upper sur- 
face or rail caps, parapets, etc., may be finished by grinding with a carborun¬ 
dum stone, or equally good abrasive, to a smooth, dense, terrazzo finish. 
Finish of this character shall be done as follows: 

85.XOZ. Using a No. 16 carborundum stone or an abrasive of equal quality, 
the surface shall be ground dry or in water until it is smooth and the individ¬ 
ual pebbles and aggregate particles are cut and polished. The surface 
shall then be completely cleansed with water, and the final rubbing done 
by means of a No. 30 stone. The finished surface shall present the texture of 
polished marble and shall show the various aggregate particles in polished 
outline. 

85.X03. d. Other Tjrpcs.—Special types of rail cap finish, such as "tooled 
finish." "sand-blasted finish, etc., shall be done in accordance with the 


general requirements governing Special Surface Finishes, as hereinafter 
provided. 

85.X04. Special Surface Finiahes.—When so specified, special surface 
finishes may be employed for ornamental panels, coping, and like construc¬ 
tion. In ^[eneral, the method and manner of performing this work will be 
fully provided for in the special provisions for the particular work in question. 

85.105. In each case the contractor shall be required to prepare test or 
sample panels under the direction of the engineer, and the method and 
manner of finish, the choice and selection of the aggregate, and other features 
affecting the work shall be approved before any further work is done. 

85.X06. Following arc typical general requirements for the principal 
types of special surface finishes: 

8S.X07. Tooled Finish.—Finish of this character for panels and other like 
work may be secured by the use of a bush hammer, pick, crandall, or other 
approved tool. Air tools shall preferably be employed. No tooling shall 
be done until the concrete has set for at least 14 days and as much longer as 
may be necessary to prevent the aggregate particles from being "picked" 
out of the surface. The finished surface shall show a grouping of broken 
a|Bf^egate^^rticles in a matrix of mortar, each aggregate particle being in 

^<lxo 8. Sand-blast Finish.—The type of finish required in this method 
than be similar to that above descril^d for tooled finish, but finer mined 
in texture. The sand blasting must be done by means of approved equipment 
and in such manner as to produce an even, fine-grained surface in which the 
mortar has been cut away, leaving the aggregat^articles exposed. 

8c 109. Wire-brush or Scrubbed Finish.—This type of finish shall be 
product by scrubbinf the surface of a concrete with stiff wire or fiber 
bnishee* using a solution of muriatic acid in the proportion of x part acid to 
4 parts water. As soon as the forms are removed and while the concrete is 
yet comparatively g re e n, the surface shall be thoroughly and evenly scrubbed 
as above describe until the cement film or surface is completely removed 
add the aggregate particles are exposed, leaving an even-pebblM texture 
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presenting an appearance mding from that of fine gramte to coarse conglom¬ 
erate, depending upon the size and gra^ng of'aggregate used. Granite 
chips or colored aggregates may be used in this connection if desired. As 
soon as the scruborng has progressed sufficiently to produce the texture 
desired, the entire surface shall be thoroughly washed with water, to which a 
small amount of ammonia has been added, to remove all traces of the acid. 

8^110. Methods of Measurement.—All concrete conforming to the speci¬ 
fication and plans and placed as directed shall be measured by the cubic 
yard in place. In computing the concrete yardage for payment, the dimen¬ 
sions used shall be those shown on plans or ordered in writing by the engineer. 
No measurements or other allowances shall be made for work or material 
for forms, falsework, cofferdams, pumping, bracing, etc. No deductions 
in measurement shall be made for paneling less than 6" in width. 

85.1 XX. Basis of Pasrment—Payment shall be made for the yardage oi 
accepted concrete measured as prescribed above at the contract unit price 
bid per cubic yard for Class A, Class B, Class C, or Class D concrete, as 
the case may be. Such payment shall be full compensation for all materials, 
forms, falsework, placing, and finishing, all equipment, tools, labor, and 
incidentals necessary to complete the item, except that steel reinforcement 
shall be paid for as a separate item. 

Item 82.Steel Structtires^ 

8a.i. Descriptioxi.—All steel structures shall be built as indicated on the 
plans, conforming to line, grade, dimensions, and design shown, and in 
accordance with the specifications for piling, concrete, masonry, structural 
steel, and other pay items which are to constitute the complete structure, 
and in conformity with such specifications prescribed under concrete bridges 
as arc involved. 

82.2. ' Materials and construction methods used shall be those presented 
for the several items which are to constitute the structure and in addition 
shall conform to the following requirements: 

Fabrication 

82.3. All deformed structural material shall be properly straightened by 
methods which are non-injurious, prior to being laid off, punched, or otherwise 
worked in the shop. Sharp kinks and bends shall be cause for rejection. 

82.4. The workmanship and finish shall be first class and eoual to the best 
practice in modem bridge shops. Shearing and chipping shall be neatly and 
accurately done, and all portions of the work exposed to view shall be neatly 
finished. No changes shall be made in any drawing after it has been approved 
except by the consent or direction of the engineer in writing. Substitutions 
of sections having different dimensions from those shown on the plans shall 
be made only when approved in writing by the engineer. 

82.5. Rivet Holes.—%\^hen general reaming is not required, holes in material 
or less in thickness may be punched full size. Holes in material more 

than fi" in thickneui shall be subpunched and reamed, or drilled from the 
solid. 

82.6. Punched Holes. —Full-size ^nched holes shall be H e" larger than 

the nominal diameter of the rivet. The diameter of the die snail not exceed 
the diameter of the punch by more than Holes must be clean cut, 

without torn or ragged edges. If any holes must be enlarged to admit the 
rivets, they shall be reamed. 

82.7. Accuracy of Punched Holes.—The punching of holes shall be so 
accurately done that after assembling the component parts of a member, 
a cylindrical pin smaller than the nominal diameter of the punched hole 
may be passed through at least 75 of any group of 100 contiguous holes in 
the same surface or in like proportions for any 8;roup of holes. If this 
requirement it not fulfilled, the badly punched pieces shall be rejected. 
If any holes will not pass a pin H smaller than the nominal diameter of 
the punched hole, this shall be cause for rejection. 

83.8. Drilled Holes. —Drilled holes shall be laxver than the nominal 
diameter of the xivet. Burrs on the outside surfaces shall be removed with 
a tool producixxg a hi a" fiHet around the edge of the hole. 

8s.p. Sttbponched and Reaxned Holea.—Subpunched and reamed holee 
shall be punched He'' smaller than the nominal diameter of the rivet and 
shall then be reamed to a diameter H s" larger than the nominal diameter of 
> Texas. 
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the rivet. The punch and die shall have the same relative sizes as specified 
for full-size punched holes. Burrs produced by reaming shall be removed 
with a tool producing a fillet around the edge of the hole. 

8 a. 10. Reaming of rivet holes shall be done with twist drills cr with short 
taper reamers. Reamers preferably shall not be directed by hand. No 
oil or grease shall be used as a lubricant. 

8 a.11. Accuracy of Reamed and Drilled Holes.—Reamed or drilled holes 
shall be cylindrical and perpendicular to the member and their accuracy shall 
be the same as specified for punched holes except that after reaming or drilling 
85 of any group of 100 contiguous holes in the same surface, or in like propor¬ 
tion for any group of holes, shall not show an offset greater than >32'^ between 
adjacent thicknesses of metal. 

82.12. Drifting of Holes.—The drifting done during assembling shall be 
only such as to bring the parts into position and not sufficient to enlarge the 
holes or distort the metal. 

82.13. General Reaming.—General reaming may be required, in which 
case a definite provision to this effect shall be included elsewhere in the 
contract. 

82.14. When general reaming is required, all rivet holes in main members 
shall be subpunched and reamed or dnlletl from the s.'lul. This requirement 
shall not apply to rivet holes in t"p and bottom eluTd lateral members, 
lateral hangers, truss an<l gir icr sway bracings, and to tl.e lateral plates, 
connection angles, etc., connectrig th.ese members to the main member 
of the structure. Connection plates f>r other parts acting both as mam 
member material and seeomlary daler.al sway' bracing, ctc.'l member material 
shall generally have subpunched and reamed holes in locations engaging 
similar holes in mam n'.cml>crs. 

82.15. Reaming shall be done after the pieces fi-rming a built member 
are as.>embled and firmly bolted together. No interchange of reamed parts 
will be permitted. 

82.16. Field Connections.—When general reaming is required, or in punch'd 
work when specifically' required by tlu* engineer, h.oles for field conncction'j, 
except those in lateral, longitmlm.d and .s\%ay i»r.icmg, shall be rcarne(l ..r 
drilled. Riveted trufise.s sluill ]>c as embed in the .shop, tiie jiarts urljuste ! 
to line an-'l fit, and the holes for i.eM c< nnectums reamed or drilled while 
so assembled. Holes for otlicr fi'd eonm-elions shall be re.imed t»r dulled 
with the connecting parts assembled, or else reamed or drilled to a metal 
template not less than i" thwk. 

82.17. Shop Assembling.—.Ml surfaces of metal to he in cumtact wli< u 
assembled shall be carefully painted with one c<>at of tlic paint specified for 
the shop coat. The paint shall be applied up.>n surfaces free from dirt, 
loose mill scale, or other foreign matter and the parts shall be as.,emblc 1 
while the paint is plastic. 

82.18. The component parts of a built rnem’oer sh.tll be assembled, drift 
pinned to prevent lateral movement, and firmly bolted to draw t!ic parts 
into close contact V>cfore reaming, drilling, f-r rivctii.g is begun. Assemble 1 
parts shall be taken apart, if necessary, for the removal of burrs and shavings 
produced by the reaming operation. 

82.19. The member shall be free from twists, bends, r>r other deformations 

82.20. Preparatory to shop riveting full-size punched material, the rivet 
holes shall be cleareci for the admission cjf the rivets by reaming. 

82.21. End connection angles, stiffener angles, etc. shall be carefully 
adjusted to correct locations and rigidly bolted, clamped or otherwise firmly 
held in place until riveted. 

82.22. Match Marking. —Connecting parts assembled in the shr>p for the 
puroosc of reaming or drilling holes in field connections shall be inalch marked, 
ana a dia^am showing such marks shall be furnished to the engineer. 

82.23. Riveta. —The diameter of rivets imiicalcd upon the plans shall be 
understood to mean their diameter before heating. 

82.24. Heads of driven rivets shall be of approved shape, concentric with 
the shanks, true to size, full, neatly formed, free from fins, and in full contact 
with the surface of the member. 

82.25. Field Rivets. —Field rivets, for each size and Icn^h, shall be 
supplied in excess of the actual number to be driven to provide for los.ses 
due to misuse, improper driving, or other contingencies. Rivets shall be 
free from furnace scale on their shanks, and from fins on the under side of 
the machine-formed heads. 

82.26. Bolta and Bolted Connectlona. —Bolted connections shall not be 
uacd unless specifically authorixed. Where bolted connections are permitted. 
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the bolts furnished shall be unfinished bolts fordinary rough or machine 
holts), or turned bolts, as specified or directed by the engineer. 

82.37. Unfinished Bolts. —Unfinished bolts shall be standard bolts with 
hexagonal heads and nuts. The use of “button-head” bolts will not be 
jicrmitted. Bolts transmitting shear shall be threaded to such a length 
that not more than one thread will be within the grip of the metal. The 
bolts will be of lengths which will extend entirely through their nuts but not 
more than Vi" beyond. The diameter of the bolt holes shall be Me'' 
greater than the diameter of the bolts used. 

82.38. Turned Bolts.—Holes for turned bolts shall be carefully reamed 
or drilled and the bolts turned to a driving fit by being given a finishing cut. 
The threads shall bfe entirely outside of the holes and the heads and nuts 
shall be hexagonal. Approved nut locks shall be used on all bolts unless per¬ 
mission to the contrary is secured fom the engineer. When nut locks arc not 
used, round washers having a thickness of shall be placed under the nuts. 

82.39. Riveting.—Rivets shall be heated uniformly to a light cherry red 
color and shall be driven while hot. The heating of the points of nvets 
more than the remainder will not be permitted. W'hen ready for driving, 
they shall be free from slag, scale, and other adhering matter, and when 
driven, they shall completely fill the holes. Burned, burrcfl, or otherwise 
<!cfcctive rivets, or rivets which throw off sparks when taken from the 
furnace or forge, shall n<jt be driven. 

82.30. Loose, burned, badly formed or otherwise defective rivets shall be 
cut out. Calking and recupping of rivets heads will not be allowed. In 
cutting out defective rivets, care shall be taken not to injure the adjacent 
:uet il, and if necessary, the rivet shank shall be removed by drilling. 

82.31. Countersinking shall be neatly done and countersunk rivets shall 
completely fill the holes. 

82.3a. Shop rivets shall be driven by direct-acting riveters where practicable. 
The riveting machine shall retain the pressure for a short time after the 
upsetting is complete. 

82.33. Ihicumatic hammers shall be used for field riveting except when the 
use of other liaml tools for riveting is permitted by the engineer. 

82.34. Edge Planing.— Slieared edges of material more than ^ 4 " in thick¬ 

ness shall, when rcquiro<l by tlio engineer, be planed to a depth of not lefs 
than Reentrant cuts shall be filleted before cutting. 

82.35. Planing of Bearing Surfaces. - Kn Is c.f columns taking bearing 
upon iiasc and cap plates shall be milled to true surfaces and correct bevels 
alter the main section «j£ tlicse members and the end connection angles 
have been fullv riveted. 

82.36. C aps and base plates of columns and the sole plates of girders and 
trusses sliall liave full contact when a.ssemblcd. The plates, if w'arped or 
deformed, shall be hot-straigh.tenod, planed, and otherwise treated to 
secure an nccurate, uniform contact. After being riveted in place, tlie 
excess metal of countersunk rivet licads .shall be chipped smooth and flush 
wuth the surrounding metal ami the surfaces which are to come in contact 
with other inelal surface,s shall be planed or milled, if necessary, to secure 
proper contact. Corrcsponclmglv, the surfaces of ba‘^e and sole plates 
which arc to come in contact with masonry shall be rough finished, if not 
free from warps or other deformations, 

.82.37. Surfaces of cast pedestals an<l shoes which are to come in contact 
with metal surfaces shall be planed and those wdiich arc to take bearing upon 
the masonry :;hall be rough finished. 

82.38. In planing the surfaces of expansion bearings, the cut of the tool 
shall be in the direction of expansion. 

82.39. Surfaces of bronre bearing plates intended for sliding contact shall 
be carefully milled ami polish finished. 

83.40. Abutting Joints.—Abutting ends of compression members shall, 
after being riveted, be accurately faced to secure an even bearing when 
assembled in the structure. 

83.41. Ends of tension members at splices shall be rough finished to secure 
close and neat but not contact-fitting loints. 

83.43. End Connection Angles.—Ena connection angles of floor beams 
and stringers shall be flush with each other and accurately set as to position 
and length of member. In general, end connection angles shall not be 
finished unless required by the terms of the contract. However, faulty 
assembling and riveting may be cause for requiring them to be milled, in 
which case their thickness shall be reduced not to exceed M nor shall their 
rivet-bcaring value bo reduced below dc.sigu requirements. 
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82.43. Bttilt Members. —The several pieces forming one built member 
shall be straight and close fitting. Such members shall be true to detailed 
dimensions and free from twists, bends, open joints, or other defects resulting 
from faulty fabrication and workmanship. 

82.44. Lacing Bars.—The ends of lacing bars shall be neatly rounded 
unless otherwise indicated. 

82.45. Web Plates.—Web plates of girders having no cover plates may be 

detailed with the top edge of the web flush with the backs of the flange 
angles. Any portion of the plate projecting beyond the angles shall be 
chipped flush with the backs of the angles. Web plates of girders having 
cover plates may be H'' l»Ji»s in width than the distance back to back of 
flange angles. ^ 

82.46. When web plates are spliced not more than clearance between 
ends of plates will be allowed. 

82.47. Web Stiffeners.—End stiffener angles of girders and stiffener angles 
intended as supports for concentrated loads shall be milled or ground t > 
secure a uniform even bearing against the flange angles. Intermediate 
stiffener angles shall fit sufficiently tight to exclude water after being painted. 

82.48. Web Splices and Fillers.—Web splice plates and fillers under 
stiffeners shall fit within at each end. 

82.49* Eyebars.—Eyebars shall be straight and true to size, and shall be 
free from twists, folds in the neck or head, or any other defect affecting their 
service strength. Heads shall be made by upsetting, rolling, or forging. 
Welds in the body portions or in the heads of bars will not be permitted. 
The form of the hea Is may be determined by the dies in use at the works 
where the eyebars are to be made, if satisfactory to the engineer. The 
thickness of head and neck shall not overrun more than H 

82.50. Boring.—Before boring, each eyebar shall be properly annealed 
and carefully straightene<l. Pin holes shall be located on the center line 
of the bar and in the centers of the heads. The holes in the ends of the bars 
shall be bored simultaneously and shall be so accurately located that when 
the bars of the same truss panels are placed in a pile, the pins may be com¬ 
pletely inserted in the pin holes without driving. All eyebars intended for 
the same location in the trusses shall he interchangeable. 

82.51. Annealing.—.All eyebars shall be annealed by heating uniformly 
to the proper temperature followed by slow and uniform cooling in the 
furnace. The temperature of the bars shall be under full control at all stages. 

82.52. Forged pins and other steel parts requiring their full strength 
which have been partially heated shall be subsequently annealed. Slight 
bends in pieces of secondary importance may be made without heating the 
metal. Crimped web stiffeners need not be annealed. 

82.53. Pins and Rollers.—Pins and rollers shall 1 >€ accurately turned to 
detailed dimensions and shall be smooth, straight, and free from flaws. The 
final surface shall be produced by a finishing cut. 

82.^ Forged Pins. —Pins having a diameter greater than 6" shall be 
foreed and annealed. 

82.55. Border Pins. —Pins larger than 8" in diameter shall have a hole 
not less than 2" in diameter bored longitudinally through their centers. 
Pills showing defective interior conditions shall be rejected. 

82.56. Boring Pin Holes. —Pin holes shall be bored true to detailed dimen¬ 
sions, smooth, and straight; at right angles with the axis of the member 
and parallel with each other unless otherwise required. A finishing cut 
shall alwt^s be made. 

82.57< The length outside to outside of holes in tension members and inside 
to inside of holes in compression members shall not vary from detailed 
dimensions more than Boring of holes in built-up members shall be 

done after the riveting is completed. 

82.^. Pin Clearances. —The difference in diameter between the pin and 
the pin hole shall be not more than Ha''. 

82.59. Welds. —Welding of steel shall not be permitted except to remedy 
minor defects, and then only with the approval of the engineer. 

82.60. Screw Threads.— ^rew threads shall make close fits in the nuts 
and shall be U. S. Standard except that for diameters greater than iH". 
they shall be made with six threads to the inch. 

82.61. Pilot and Driving Nuts. —Two pilot nuts and two driving nuts 
■hall be furnished for each sise of pin, unless otherwise specified. 

Mill Akp Shop I.vspsction 

82.63. Notice of RolUng and Fabrication.—The contractor shall idve 
ample notice to the engineer of the beginning of work at the mill and shop. 
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80 that inspection may be provided. No material shall be rolled or fabri* 
cated before the engineer has been notified where the orders have been placed. 

82.63. Facilities for Inspection.—The contractor shall furnish all facilities 
for the inspection of material and workmanship in the mill and shop and 
in^ctors shall be allowed free access to the necessary parts of the premises. 

82.64. Inspector’s Authority.—The inspector shall have the power to 
reject materials or workmanship which do not fulfil the requirements of 
these specifications; but in cases of dispute the contractor may appieal to 
the engineer, whose decision shall be final. 

82.65. Inspection at the mill and shop is intended as a means of facilitat¬ 
ing the work and avoiding errors, and it is expressly understood that it will 
not relieve the contractor from any responsibility in regard to imperfect 
material or workmanship and the necessity for replacing same. 

82.66. Mill Orders and Shipping Statements.—The contractor shall 
furnish the engineer with as many c^ies of mill orders and shipping state¬ 
ments as the engineer may direct. The weights of the individual members 
shall be shown. 

82.67. Cost of Testing.—Unless otherwise provided, the contractor shall 
furnish, without charge, test specimens as specified herein, and all labor, 
testing machines, and tools necessary to prepare the specimens and to make 
the full-sized tests. 

82.68. Rejections.—The acceptance of any material or finished members 
by the inspect«jr shall not be a bar to their subsequent rejection, if found 
defective. Rejected material and workmanship shall be replaced promptly 
or made good by the contractor. 

82.60. Marking and Shipping.— Members weighing more than 3 tons shall 
have the weight marked thereon. Bolts and rivets of one length and diame¬ 
ter and loose nuts or washers of each size shall be packed separately. Pins, 
small pacts, and small packages of bolts, rivets, washers, and nuts shall be 
shipped in boxes, crates, kegs, or barrels, but the gross weight of any package 
shall not exceed 300 lb. A list and dt scription of the contained material 
shall Ijc plainly marked on the outside of each shipping container. 

82.70. The weight of all tools and erection material shall be kept separate. 

82.71. Anchor bolts, washers, and other anchorage or grillage materials 
shall be shipped to suit the requirements of the masonry construction. 

82.72. Loading and Unloading.—The loading, transportation, unloading, 
and piling of structural material shall be so conducted that the metal will be 
kept clean and free from injury by rough handling. 

Erection 

82.73. Field Inspection. —All work of erection shall be subject to the 
inspection of the engineer who shall be given all facilities required for a 
thorough inspection of workmanship. 

82.74. Material and workmanship not previously inspected will be 
inspected after its delivery to the site of the work. 

82.75. Storage.—All material shall be stored in such manner as to prevent 
deterioration by rust or loss of minor parts. No material shall be piled so 
as to rest upon the ground or in water, but must be placed on suitable skids 
or platforms. 

82.76. Preparation of Bearing Area. —Column bases, truss and girder 
pedestals, and shoes shall have a full and uniform bearing upon the sub¬ 
structure masonry. Masonry bearing plates shall not be placed upon the 
bridge-seat areas of piers or abutments which are improperly formed or 
irregular. 

82.77* The shoes and pedestals of truss and girder spans, the bases of 
columns, and the center and end bearings of swing spans shall be rigidly and 
permanentlv located to correct alignments and elevations. Unless otherwise 
provided, they shall be placed on a layer of canvas and red lead applied as 
follows: 

82.78. Thoroughly swab the top surfee of the bridge-seat bearing area 
with red lead paint and place upon it three layers of 12- to 14-oz. duck, each 
layer l>eing thoroughly swabbed on its top surface with reddead paint. Place 
the superstructure shoes or pedestals in position while the paint is plastic. 

82.79* Handling Members.—The field assembling of the component 
parts of a stnicture shall involve the use of methods and appliances not likely 
to produce injury by twisting, bending, or otherwise deforming the metal. 
No member slightly bent or twisted shall be put in place until its defects 
are corrected, and members seriously damaged in handling shall be rejected. 

82.80. Alignment—Before beginning the field riveting, the structure shall 
be adjusted to correct grade and alignment and the elevation of panel points 
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(ends of floorbeams) properly regulated. For truss spans a slight excess 
camber will be permitted while the bottom chords are being riveted, but the 
correct camber and relative elevations of panel points shall be secured before 
riveting the top chord joints, top lateral system and sway bra ing. 

82.81. Straightening Bent Materials.—The straightening of bent edges of 
plates, angles, and other shapes shall be done by methods not likely to 
produce fracture or other injury. The metal shall not be heated unless 
permitted by the engineer, in which case the heating shall not be to a higher 
temperature than that producing a dark cherry-red color. After heating, 
the metal shall be cooled as slowly as possible. 

82.82. Following the completion of the straightening of a bend or buckle, 
the surface of the metal shall be carefully inspected for evidence of incipient 
or other fractures. 

82.83. Assembling and Riveting.—All field connections and splices shall be 
securely drift pinned and bolted before riveting. Important connections 
in trusses, girders, floor system, etc. shall have at least 50 % of the holes 
filled. An ample number of drift pins shall be used to prevent slipping at 
joints and splices. 

82.84. The results obtained in the field assembling and riveting of the 
members of a structure shall conform to the requirements for shop assembling 
and riveting. Field-driv'cn rivets shall be inspected and accepted before 
being painted. 

82.85. Field riveting shall be done before the falsework is removed unless 
special permission to the contrary is given by the engineer. 

82.8(>. Railings shall not Ije riveted until the falsework has lx;en removed. 

82.87. Adjustment of Pin Nuts.—All nuts on pins shall be thoroughly 
tightened and the pins so located in the holes that the members shall take full 
and even bearing upon them. 

82.88. Setting Anchor Bolts.—Anchor-bolt holes shall be drilled in correct 
locations perpendicularly to the plane of the bridge scat, and the anchor bolts 
shall be set in Portland-cement mortar therein. The mortar shall consist of 
one part cement to one part clean, fine-grained sand mixed sufficiently wet to 
flow freely. 

82.89. Anchor bolts shall first be dropped into dry holes to assure their 
proper fit after setting. They shall then be set as follow’s: Fill the hole 
about two-thirds full of mortar and by a uniform, even pressure or by light 
blows with a hammer (flogging and ramming will not be permitted), force the 
bolt down until the mortar rises to the top of the hole and the anchor-holt 
nut rests firmly against the metal shoe or pedestal. Remove all excess 
mortar which may have flushed out of the hole to permit proper field painting 
of the metal surfaces. 

82.90. The location of the anchor bolts in relation to the slotted holes in 
expansion shoes shall \)€ varied with the prevailing temperature. The nuts 
on anchor bolts at the expansion end of spans shall permit the free movement 
of the span. 

82.91. The holes may be drilled in accordance with the provisions of the 
above-mentioned article or, if in concrete masonry, may be formed by the 
insertion in the fresh concrete of oiled wooden plugs or metal pipe sleeves 
which are subsequently withdrawn after the concrete has partially set. When 
the holes are formed by the latter method, they shall be not less than 4" 
in diameter to allow for norirontal adjustment of the bolts. 

82.92. In lieu of the alxive methods of placing, anchor bolts in concrete 
masonry may be set to exact lr>cation in the concrete when it is placed. In 
this case great care shall be exercised to insure the proper setting of the bolts, 
and any inaccuracies which will be detrimental to the structures shall be 
corrected by suitable means. 

82.93. Setting Bedplates.—Bedplates prefersbW shall be set on a layer of 
canvas and red lead as specified in these specifications. When bedplates 
are set in Portland-cement mortar, no superstructure or other load shall be 

{ >laced thereon until this mortar has been allowed to set for a period of at 
east 96 hr. 

82.94. PUcinf Superstructure.—No superstructure load shall be placed 
upon finished piers or abutments until the engineer directs. In general a 
minimum time of 21 days shall be allowed for the hardening of the concrete 
before any superstructure load is placed thereon. 

82.95* TubnUr Steel Piere.—The general requirements governing the 
depths of foundations as above set forth shall govern in the case of ttloular 
steel piers except that steel tubes .resting upon gravel foundation without 
piling shall in no case be carried to a depth less than 8' below the permanent 
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bed of the stream and to such additional depth as may be necessary to elimi¬ 
nate all danger of undermini^. 

82.96. Tubular piers shall, in general, be sunk by the open-dredging process, 
or by means of compressed air. The cross-sectional area of each tube shall 
be sufficient to provide the requisite bearinjj area and to provide spacing 
room for the requisite number of piles, in case piles are used. After the tubes 
are sunk to the desired elevation, the bottom shall be sealed by means of con¬ 
crete deposited under water. After the seal has set sufficiently to permit, 
the tubes shall be unwatered and the rest of the concrete deposited in the 
dry. If the seal is to act in flexure against the hydrostatic head, the tubes 
must be weighed sufficiently to develop the necessary downward reaction 
and sufficient shear anchoragje provided around the interior circumference of 
the tube to transfer this weight into the seal concrete. 

82.97. Metal tubes shall be painted two coats of an approved structural 
paint fciefore being sunk, and the exposed portions shall be given an additional 
coat after erection. 

82.98. Piles used in connection with tubular steel piers shall be driven 
after tubes are sunk unless otherwise permitted by the engineer. When 
driven after the tubes are in place, the iJilcs may be driven by means of a 
follower, provided that one pile out of every group of ten or one for every 
tul>c shall be a lonp pile driven without a follower, such pile to be used as a 
test pile to determine the necessary length for the rest of the group. After 
the long pile is driven to the required penetration as determined by the 
bearing power formula, it sh,all be cut off to the required elevation. 

82.99. desired (and under written permission from the engineer), tubular 
steel piers may be sunk in large holes which previously have been dredged 
for the purpose. In this case, piles may be driven in the dredged hole before 
the tubes are placed, cut off to the desired elevation, bound in cluster form 
if desired, and the tubes placed over them. If this procedure is followed, the 
excavated hole around the piers shall be carefully backfilled. 

82 .100. Filling material for tubular piers shall be either Class A or Class 
B concrete as specified, except the bottom seal which shall be as specified for 
concrete deposited under water. 

Pai.vting—.Materials and Composition 

82.101. a. Paints shall consist of pigments of the required fineness and 
composition, ground to the ilesircd consistency in raw or boiled linseed oil, 
to which shall be added additional oil, and a thinner, or drier, or both. 
All pigments, oils, thinners, and driers used shall be of the best quality, free 
from adulterants of any kind, and shall comply with the requirements given 
below for these materials, 

82.102. b. All paint paste .shall consist of the specified pigment or pig¬ 
ments ground in linseed oil to the required consistency. The paste must be 
so prepared that it is uniform in composition and consistency, will not cake 
or segregate in the retainers, and will easily break up in oil to form a smooth, 
uniform p.aint of proper brushing consistency. The color, hiding power, and 
weight per gallon when specified shall be the same or equal to the approved 
sample. 

82.103. c. To prepare a paint so that it will have the required consistency 
and drying properties for the use intenrled, the paste shall be mixed with 
sufficient linseed oil, turpentine, and drier to produce a paint having these 
properties. Unless otherwise specified, the exact Quantity of linseed oil, 
tur^ntine, and drier required tor this purpose shall be determined by the 
engineer. 

82.x04. <f. Raw linseed oil used shall conform to the requirements of the 
A. S. T. M. Standard Specificati<m8 for Purity of Raw Linseed Oil from North 
American Seed Di-is, with subsequent amendments and additions thereto. 

82.10s. The boiled linseed oil used shall conform to the requirements of 
the A.S.T.M. Standard Specifications for Purity of Boiled Linseed Oil 
from North American Seed, D11-15, with subsequent amendments and 
additions thereto. 

82.X06. Furthermore, if permitted, raw and boiled linseed oil of South 
American seed shall meet the requirements of tentative specifications of 
A.S.T.M. DN-2iTand D-78-aiT. 

82.x07. e. Drier shall be composed of turpentine, lead, and manganese 
oxides cooked in linseed oil. The proportion of lead shall be not less than 
three times that of manganese. It shall contain no resin or varnish gums, 
and not more than 70 % shall volatilize at 450*F. When flowed on metal 
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and allowed to dry, it shall produce an elastic film. The flash point shall 
not be lower than 9S“F. when tested in an open cup-testcr. When a mixture 
of 10 % of drier with 90 % pure raw linseed oil is flowed on a glass slab, which 
is then held nearly vertical, and is kept at a temperature of 70*F,. with free 
access of air, the coating shall dry throughout, neither sticky nor brittle, 
in not over 10 hr. 

8a.xo8. /. Turpentine shall be the distillate commonly known as “gum 
turpentine,” or “spirits turpentine,” which is distilled from pine oleoresins 
or the product secured from resinous wood by extraction with volatile 
solvents, by steam or by destructive distillation. Either or both of these 
two products—gum spirits or wood turpentine—shall be furnished for use 
when so specified. 

83.XO9. The turpentine shall be clear and free from suspended matter and 
water. 

The color shall be “Standard” or better. 

The specific gravity shall be not less than 0.862 nor more than 0.872 at 
IS.S’C. 

The refractive index at is.s®C. shall be not less than 1.468 nor more than 

1.^8. 

The initial boiling point shall be not less than 150 nor more than r6o"C. 

Ninety per cent of tne turpentine shall distill below I70®C. 

The polymerization residue shall not exceed 2 %, and its refractive index 
at IS-S*C. shall be not less than 1.500. 

8a.xzo. g. Pure White Lead. Dry Pigment.—The pigment shall be a 
pure basic carbonate of lead of the formula aPbCOjPbOlI^ containing 65 
to 75 % of lead carbonate, and shall conform to the requirements of tentative 
specifications A.S.T.M. D81-21T and subsequent revisions, and not more 
than 2 % of total impurities, including moisture. It shall l>c ground to such 
fineness that it will all pass a 200-mcsh sieve and contain not more than 2 % 
material retained on a 325-mesh sieve. 

8 a.zix, Paste.—The paste shall be the dry pigment ground in pure raw 
linseed oil in the manner specified above. It shall consist of: 

Percentages 

Minimum .Maximum 


Pigment.. . ... ... 90 92 

Linked oil. ... ... 8 10 

Moisture and other volatile matter. . . 0.7 

Coarse particles and "skins” (total 
residue retained on a 200-mesh 

sieve, based on pigment). 2.0 


82.xxa. Ready-mixed Paint.—The ready-mixed paint shall be prepared 
from the paste in the manner specified atxivc. 

82.x 13. /i. Pure Zinc oxide Paint. Dry Pigment.—The dry pigment 
shall consist of pure oxide of zinc which shall contain not less than 98% of 
zinc oxide, nor more than two-tenths of 1% of sulphur or of total impuri¬ 
ties including moisture. The pigment shall be so ground that it will all pass 
a 200-mesh sieve. 

82.1x4. Paste.—T*he paste shall be the dry pigment ground in oil as above 
specified. It shall consist of: 

Percentages 
Minimum hfaximum 


Pigment. 82 86 

Linseed. 14 18 

Coarse particles and “skins” (total 
residue left on a 200-mesh sieve, 

based on pigment). 0.5 

Moisture and other volatile matter. 0.5 


83.X15. Ready-mixed Paint.—The ready-mixed paint shaM be prepared 
from the paste in the manner specified above, in accordance with tentative 
specifications of A.S.T.M. 79*2iS. 

83,1 x6. I. Red Lead. Dry Pigment.—The dry pigment shall consist 
entirely of the oxides of lead which shall conform to the requirements of 
A.S.T.M. Specifications D-83-21T 95% mde. 

83 . 117 * I^ate.—The paste shall be the pigment ground in oil as above 
specified. It shall consut of: 
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Pigment... 

Linseed oil. 

Moisture and other volatile matter. 

Coarse particles and “skins" (total 
residue left on a 200-mesh sieve). 


Percentages 
Minimum Maximum 

92 95 or more 

6 8 

0.5 

^5 


8a.xx8. Ready-mixed Paint.—The ready-mixed paint shall be prepared 
from the paste m the manner specified above. 

82.119. The resulting paint, vvhen mixed in the proportions given below 
and brushed on a smooth vertical metal surface, shall dry hard and elastic 
without running, streaking or sagging. 

82.120. For Shop Coal. 


Red-lead paste. 20 lb. 

Raw linseed oil. 4H pints (0 43 lb.) 

Turpentine. 2 gills ( 7-3 oz.) 

Liquid drier. 2 gills (12.0 02.) 

82.121. The formula given above will produce 1 gal. of paint and should 
weigh 25 lb. and 10 oz. 

82.122. j. Leaded Zinc Oxide. Dry Pigment.—The dry pigment shall 
be a pure zinc oxide and a normal or basic lead sulphate. The pigment 
shall oe so ground that it will all pass a 200-mesh sieve and the zinc oxide 
shall not contain more than i % of soluble salts nor more than 1.5% of total 
impurities including moisture. 

02.123. This type of paint shall be divided into two brands, "high leaded" 
and "low leaded." The high-leaded paint shall contain not less than 60% 
of zinc oxide and the low-leaded paint not less than 93% of zinc oxide, the 
remaining pigment in each case to be a normal or basic lead sulphate. 

82.124. Paste.—The paste shall be the dry pigment ground m oil as above 
specified. It shall consist of: 

Percentages 
Minimum Maximum 


Pigment. 88.0 

Linseed oil. 12.0 

Moisture and other volatile matter ..... os 

Coarse particles and "skins" (total residue left 
on a 200-mc8h sieve, based on pigment). o. s 


82.125. Ready-mixed Paint.—The ready-mixed paint shall be prepared 
from the paste m the manner specified above. 

82.126. k. Sublimed Blue Lead.—The sublimed blue lead pigment 
shall consist of sublimed blue lead fume, free from all adulterants and shall 
meet the following requirements: 

% 

Lead sulphate (PbSO).45-55 

Lead oxide (PbO). 30-40 

Lead sulphide(P1>S). Not over 12 

Lead sulphite (PbSOi). Not over s 

Zinc oxide (ZnO). Not over s 

Carbon and undetermined. Not over s 


82 .127. Sublimed blue lead paint shall consist of either: 

I. Sublimed blue lead in oil paste (90% sublimed blue lead ground in 10% 
raw linaeed oil) mixed as follows: 


100 lb. sublimed blue lead in oil paste 
4 gal. pure raw linseed oil 
2 pt. turpentine 
2 pt. drier 


I For field coat. 


82.128. a. A ready-mixed paint made by grinding pure dry sublimed 
blue lead in pure raw linseed oil in the following proportions: 


90 lb. dry sublimed blue lead 
SH linseed oil 

a pt. turpentine 
2 pt. drier 


For field coat. 




















T 542 SPECIl ICATIONS 

83.139. 1. Grti^te. Dry Pigment.—The dry pigment shall be a pure 
amorphous and silicate roclc to which may be added a small percentage of 
carbon black, iron oxide, or other oxides needed to secure a desired tint or 
color. The pigment shall be so ground that it will all pass a 200-mesh sieve, 
and contain not more than 3 % of material retained on a 325-mesh sieve. 
The prepar^ pigment must contain not less than 35 % nor more than so % 
of jp’aphite in the form of graphitic carbon. 

83.130. Paste.—The paste shall be the pigment ground in oil as above 
specified. It shall consist of: 

Percentages 

Minimum Maximum 


Pigment. ... 62 66 

Linseed oil. .34 38 

Moisture and other volatile matter.. 80 

Coarse particles and “skins” (total per cent on a 

325-mesh sieve, based on the pigment). 3 6 


83.131. Read^-mixed Paint.—The ready-mixed paint shall be prepared 
from the paste in the manner above. 

83.13a. The resulting paint when mixed in the proportions given l)elow. 
and brushed on a smooth vertical metal surface shall dry har<l and elastic 
without running, streaking, or sagging. It shall consist of: 

Percentages 

Minimum Maximum 


Pigment. .... .Jo 35 

Boiled linseed oil. ... 65 70 

Drier. 5 6 

Turpentine and volatile matter. 3 6 


83.133* All paints or paint materials shall be shipped in strong, substantia! 
containers, plainly marked with the name, color, and weight of paint content, 
and name and address of the manufacturer. ' 

83.134. n. Manufacturer’s Guarantee.—The manufacturer of each brand 
of paint submitted for acceplani e un<!er these specifications shall file with 
the commission a certificate of analysis and manufacturer’s guarantee, 
setting forth the trade name or brand cf paint to be furnished togetner with a 
facsimile copy thereof and a typical analysis showing the percentage of 
each of the chemical elements in the pigment vehicle. The manufacturers 
shall provide that all paint furnished under these specifications shall conform 
to the certified analysis as filed and to the statement of the various percent¬ 
ages of the ingredients on the receptacle or container. The manufacturer’s 
guarantee shall be of the form furnished by the purchaser, and shall be sworn 
to by a person having legal authority to bind the company by his acts. 

83.135. o, Samplinf and Testing.—Samples when required for testing 
purposes shall not be less than i qt. in amount. The paint shall be thor¬ 
oughly stirred before selecting the sample. 

03.136. In testing paint used under these specifications, the following: 

1. Per cent of water in paint vehicle. Determination of water with amyl 
reagent. 

2. Raw linseed oil. Methods of testing prescribed in A.S.T.M. Standard 
Specification for Purity of Raw Linseed Oil from North American Seed Di-is. 
and for South American Seed A.S.T.M. D-77-21T Dvft-aiT. 

3. Boiled linseed oil. Methods of testing prescribed in A.S.T.M. 
Standard Specification for Purity of Boiled Linseed Oil from North American 
Seed D-ii-is, and for South American Seed A.S.T.M. D-77-31T D78-21T. 

4. Determination of volatile oils in vehicle. Bureau of Standards Jkfisc, 
Pub. IS, p. 40. 

5. Paint vehicle. Methods in Bureau of Standards, Circular 80. 

6. Red lead. A.S.T.M. Standard Methods Routine Analysis Dry Lead 
D-49-18. 

7. White lead. A.S.T.M. Standard Methods Routine Analysis of 
White Pigments D34-17. 

8. Sublimed blue lead. Shall be made in accordance with method of 
analysis of paint materials, subcommittee viii, A.S.T.M., Vol. 22, Part i, 
and subsequent revisions thereto ademted by the society. 

9. Zinc oxide. A.S.T.M. Standard Method of Routine Analysis of 
White Pigments 034-17. 
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10. Graphite pigment. Methods of tests prescribed in Bulletin 1216 
(U. S. Dept, of A^T.). 

82.137* P» No sieve is to be used in the determination of the finencM of the 

f >igment8 for these paints which on examination under a 150 magnification 
ens in a microscope shows any irregularity of wire spacings in the mesh or 
shows any noticeaole amount of wear on the sides of the wires. 

82.138. Standard 325-mesh Sieve.—The 325-mesh sieve referred to in this 
specification is a woven rectangular-mesh wire sieve having not less than 322 
nor more than 327 meshes per linear inch in either direction. The nomin&l 
size of opening shall be 0.0017" square and the size of wire shall be 0.0014" 
in diameter. 

82.139. 7. Inspection.—The contractor for these paints shall allow the 
state inspector free access to all parts of his shops while work on these paints 
is being carried out; also the contractor shall give the inspector every reason¬ 
able facility to enable him to insure that these paints are being made in 
accordance with this specification. 

82.140. r. Samples.—Before work is commenced on the manufacture of 
these paints, the contractor shall furnish the state inspector with separate 
samples of all pigments and vehicles to be used in such paints; each such 
.sample to be cle.irly labeled and marked to show the name of the material 
and the name and number of the paint in which it is to be used. When so 
requested, samples and analyses of all pigments, oils, thinners, or driers 
used, or paints furnished shall be supplied by the manufacturer within 10 
days after request is made therefor. Before paint is shipped, the inspector 
shall take individual samples from one b.-irrel in each five for each kind of 
paint. Tests may be made on individual samples or on one composite 
sample for each 25 barrels of paint. 

82.141. s. Paints which on analysis show more than a 3% variation in the 
proportion of any pigments or vehicle from that called for will be rejected. 

Painting—Application 

82.142. a. The painting of metal structures shall include, unless otherwise 
provided in the contract, the proper preparation of the metal surfaces, the 
application, protecting, and drying of the paint coatings, the protection of 
pedestrian, vehicular, or other traffic upon or underneath the bridge 
structure, the protection of all positions of the structure (superstructure and 
substructure) against disfiguremen by spatters, splashes and smirches of 
paint or of paint materials, and the supplying of all tools, tackle, scaffolding, 
labor, workmanship, and materials necessary for the entire work. 

82.143. b. Number of Coats.—All new structural steel work shall, unless 
otherwise especially provided upon the plans or in the contract, be painted 
three coats of paint. The first coat is to be applied immediately after the 
shop fabrication is complcto except that all surfaces coming into contact 
are to be painted before being assembled. The second and third coats are 
to be applied after all erection is complete, except that immediately following 
the field riveting of the members, the heads of field nvets, and all abrasions 
of the shop coat due to handling at the shop, shipment, erection, etc., and all 
field erection marks shall l)e thoroughly covered with one coat of shop paint 
and permitted to become thoroughly dry before the first field coat is allied. 

82.144. c. The color of each succeeding coat shall be sufficiently different 
from that previously applied to permit readily the discovery of an incomplete 
application of the paint coat. The colors of the coats shall be determined 
by the engineer. 

82.145. J. Weather Conditions. —Paint shall be applied only when the 
air temperature is at or above 40®?. It shall not be applied upon damp 
surfaces or upon metal containing frost, nor shall it be applied when the 
air is misty, or otherwise, in the opinion of the engineer, unsatisfactory 
for the work. 

82.146. Material painted under cover in damp or cold weather shall 
remain under cover until dry or until weather conditions permit its exposure 
in the open. Painting in open yards or upon erected structures shall not 
be done when the metal has absorbed sufficient heat to cause the paint to 
blister and produce a porous paint film. 

82.147* Application* —No wide brushes shall bo used. All brushes shall 

be oval in shape. 

82.148. The paint when applied shall be so manipulated under the brush 
ns to produce a uniform, even coating in close contact with the metal or 
with previously applied paint. In general. t)ic primary movement of the 
brush shall descritw a series of smalt circles thoroughly to fill all irregularities 
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in the surface, after which the coating shall be smoothed and thinned by a 
senes of parallel strokes. 

83 .X 49 > To secure a maximum thickness of paint film upon rivet heads, 
ed.es of plates, angles, or other rolled shapes, these areas shall be striped’^ 
in advance of the general painting, and shortly afterward shall be given a 
second or “wash” coat when the general coat is applied. The paint shall 
be well worked into all joints and open spaces. 

8a.ISO. Paint shall be thoroughly stirred, preferably by means of mechani¬ 
cal mixers, before being removed trom the containers, and to keep the pig¬ 
ments in suspension shall be kept stirred while being applied. 

83.151. All painting must be done in a neat and workmanlike manner. 
On all surfaces which are inaccessible for paint bn.ishes, the paint shall be 
applied with sheep-skin daubers specially constructed for the purpose. 

83.153. /. Removal of Improper Paint.—All metal coated with impure or 
unauthorized paint shall be thoroughly cleaned and repainted to the satis¬ 
faction of the engineer, at the expense of the contractor. 

83.153. g- Thinning.—If it is necessary in cool weather to thin the paint 
in order that it shall spread more freely, this shall be done only by heating 
in hot water or on steam radiators. 

83.154. h. Shop Cleaning.—All surfaces of metal to be painted shall be 
thoroughly cleaned from rust, loose mill scale, dirt, oil or grease, and all 
other foreign substances. The removal of rust, scale, and dirt shall generally 
be done by the use of sand blast, metal brushes, scrapers, chisels, hammers, 
or other effective means. Oil and grease may be removed by the use of 
gasoline or benzine. Bristle or wood fiber brushes shall be used for removing 
loose dust. 

83.155. I. Shop Painting.—In shop-riveted work, all surfaces coming 
into contact when shop assembled shall each be painted a good shop coat 
thoroughly and evenly applied before assembling. These pieces may be 
assembled while the paint is still wet. 

83.156. When all fabrication work is complete and has been accepted as 
such, all surfaces not painted before assembling shall be painted a good shop 
coat. Shipping pieces shall not be loaded tor shipment until thoroughly 
dry. No painting shall be done after loading material on cars. 

83.157. j. Erection marks for the held identification of members shall be 
painted upon previously painted surfaces. 

83.158. k. With the exception of abutting chord and column splices, 
column and truss shoe bases, machine-finished surfaces shall be coated as 
soon as practicable after being accepted, with a hot mixture of white lead 
and tallow before removed from the shop. Surfaces of iron and steel 
castings milled for the purpose of removing scales, scabs, fins, blisters, or 
other surface deformations shall generally be given the shop coat of paint. 

83.159. The composition used for coating machine-finished surfaces shall 
be mixed in the following proportions: 


4 lb. pure tallow, 
a lb. pure white lead. 

X qt. pure linseed oil. 

83.160. /. Field Cleimliig.—When the erection work is complete, including 
all riveting, straightening of bent metal, etc., all adhering rust, scale, dirt, 
grease, or other foreign matter shall be removed as specified under shop 
cleaning. 

8a.x6x. n*. Field Painting.—As soon as the field cleaning is done to the 
satisfaction of the engineer, the heads of field rivets and any surfaces from 
which the ^hop coat of paint has become worn off or has otherwise become 
defective and all shipping and erection marks shall be thoroughly covered 
with one coat of the same paint as used in the shop and permitted to become 
thoroughly dry before the first field coat is applied. 

83.103. When the paint applied for '* touching up ” rivet heads and abraded 
surfaces has become thoroughly dry, the first and second field coats may be 
applied. In no case shall a succeeding coat be applied until the previous 
coat has dried throughout the full thickness of the paint film. 

83.163. All small cracks and cavities which have not become sealed in a 
water-tight manner by the first field coat shall be filled with a pasty mixture 
of red Ic^ and linseed oil before the second field coat is applied. 

83.164* n. Scope of Work.—Unless otherwise provide, maintenance 
painting shall consist of the removal of the rust, scale, dead paint, dirt, 
mate, or other foreign matter from the metal parte or portions of existing 
bridge structures and the application of paint thereon. 
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83.Z65. All metal surfaces not in close contact vrith other metal surfaces 
or with wooden floor or truss members, concrete, stone masonry, etc. shall 
be considered as exposed to deterioration by rusting and shall be thoroughly 
cleaned and painted the number of coats indicated in and made a part of the 
contract, 

8a.166. o. Number of Coats.—Unless otherwise provided, metal after 
being cleaned to the satisfaction of the engineer, shall be painted with at 
least two coats of paint. 

82.167. p. Cleaning and Painting.—The requirements and methods of 
procedure for maintenance, cleaning, and painting shall be the same as 
specified for shop and field painting. 

82.168. Whenever roadway or sidewalk planking is laid too clo^ly in 
contact with the metal to permit free access for proper cleaning and painting, 
the planks shall either be removed or shall be cut to provide at least a i" 
clearance for that purpose. The removal or the cutting of planks shall be 
done as directed by the engineer. All planks removed shall be satisfactorily 
replaced and if broken or otherwise injured to an extent rendering them unfit 
for use, they shall be renewed at the expense of the contractor. 

Design Details 

82.169. In general, plans for steel bridges will not be approved except for 
structures spanning navigable channels, and for locations where the cost of 
concrete structures would be prohibitive. 

82.170. Drawings.—The state highway engineer will furnish designs, 
showing details preferred with usual conditions. 

82.171. Alternate Designs. —Bidders may submit alternate designs when 
agreeable to the state highway engineer, and when so provided for in the 
notice to contractors. Alternate designs shall have as great strength and 
uencral merits as the designs furnished by the state highway engineer. 
Bidders submitting alternate designs shall furnish stress sheets and general 
plans which shall show all dimensions and sectional area. 

82.172. Size of Drawings.—All drawings shall be 22 by 36" over all, with 
a margin of 2” on the left-hand edge and margins on the other edges. 

82.173. Approval of Drawings.—Upon the acceptance and execution of 
the contract, the contractor shall prepare and furnish standard-size working 
drawings showing complete details of all parts of the structure. Blueprints, 
in triplicate, of these drawings shall be submitted to the state highway 
engineer for his approval before any material is ordered or work begun in 
the shop. All details shall be subject to his modifications or approval. 

82.174. The contractor alone shall be responsible for the correctness of 
the drawing, although the drawing may have been approved by the engineer. 

82.17S' Joints for the State Highway Department.—After drawings have 
been approved, the contractor shall furnish the state highway department, 
without co.st, five complete sets of prints and four sets of all shipping bills. 

82.176. Name Plates.—When specified one or more cast-iron name plates 
of an approved design, giving the date of construction, the names of the 
state highway engineer, state bridge engineer, consulting bridge engineer, 
county engineer, county commissioners court, and the contractor for the 
superstructure, shall be securely bolted to the superstructure at the point 
or points specified. 

82.177. widUi of Roadway and Sidewalk.—The width of roadway shall 
be the clear width measured at right angles to the longitudinal center line 
of the bridge between the tops of curbs or guard timbers, if these exist; 
otherwise, it shall lie the clear width inside to insii’e of the handrails or other 
fence-like protections parallelinjj the sides of the structure. 

82.178. Upon structures having a sidewalk, the clear width of sidewalk 
shall be measured at right angles to the curb or guard timber and from the 
face thereof to the extreme inside portion of the handrail. For structures 
having trusses, girders, or parapet walls adjacent to the curbs, the width of 
sidewalk shall be measured from their extreme outside portions to the inside 
of the handrail. 

82.179. Curbs.—The width of curbs shall be not less than 6'f and pref¬ 
erably shall be tot less than 9''. Their heights shall be not less than 9'^ 

82.180. Clearances.—The clearance width shall be the clear width avail¬ 
able, and the clearance height shall be the clear height available for the 
passage of vehicular traflic as shown on the clearance diagrams. 

82.181. Unless otherwise provided, the several parts of the structure shall 
be constructed to secure the following limiting dimensions or clearances for 
traffic. 
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8a.i8a. Bridges constructed for the use of one-wav highway traffic shall 
have a roadwav clearance not less than that shown m the diagram. Fig. i. 
The roadway clearance for the use of two-way traffic shall be not less than 
that shown in Fig. a. The roadway width shall be increased at least 9* 
for each additional line of traffic. 
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Clearance diagrams. 


TWO WAY HIGHWAY TRAFFIC 
Fig. 2. 


82.183. Bridges constructed for the combined use of highway and electric- 
railway traffic shall have roadway clearances not less than those shown in 
Figs. 3 and 4. 

82.184. In all cases involving curved tracks, the lateral clearances shall 
be increased an amount corresponding to that required to maintain the 
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Clearance diagrams. 


standard clearances. When the outer rail is superelevated, the clearances 
shall be corresiKindin^y increased. 

8a.i8s* Spactiui of Trusses and Girders.— Main trusses and girders shall 
be spaced a sufficient distance apart center to center to be secure against 
overturnino; by the assumed lateral and other forces. 

83.186. Types of Bridges.—The type of bridge to be aised for variuos 
span lengths may be aa follows: 

Rolled beams up to 40'. 

Plate pirders from 30 to 100'. 

Low riveted trusses from 45 to 100'. 

Riveted trusses from 90 to 150'. 

Hiveted or pin-connected trusses above 150'. 
















BRIDGES 


1547 


82.187. b. Loads. —Unless otherwise provided, the component parts of a 
structure shall be proportioned for the stresses produced by the following 
loads with the assumed load distribution herein elsewhere prescribed. The 
stresses due to each shall be shown separately upon stress sheets. 

8a.188. Dead Load.—The dead load shall consist of the weight of the 
structure complete, including the weight of the roadway floor, conduits, 
cables, or other public-utility services supported thereon. 

82.189. The following weights are to be used in computing the dead load: 

Weight ^r 

Substance Cubic Foot, Pounds 


Steel . 

.490 

Iron, cast. . 

. 450 


.524 

Timber (treated or untreated). 

. 60 

Concrete. . . . 

. 144 

I.,oose sand and earth. . 

. 100 

Rammed sand or gravel. . 

. 120 

Macadam or gravel rolletl. 

. 140 

Cinder filling ... 

. 60 

Asphalt wearing surface. 

. . .ISO 

Granite-block paving . 

. 160 

V'itrified brick paving. . 

. . 150 

Granolithic pavement. 

. 150 


Sa.xoo. Live Load.—The integral parts of bridge floor systems, including 
their direct connections to trusses, girders, and viaduct towers and bents, 
shall be designed for the maximum stresses produced by truck concentrations 



TYPICAL TRUCK 
Fic. 5.—Tyjiical truck loading. 


Floor beams, hangers, and all inUgral members or parts of trusses and 
girders subjected to the direct action of floor loads and impacts shall cor¬ 
respondingly be designed for truck concentrations. The truck dimensions 
and weight distributions used for design purposes shall be those of the 
typical or standard trucks shown in Fig. 5> These standard trucks are 
designated by the letter H, followed by a numeral indicating for each class 
its gross or total weight in tons. 

82.191. The class of loading used shall be one of the following: 

Loading H 15 . 15-ton trucks. 

Loading Hio. lo-tou trucks. 

Live Load for Trusses and Girders .—The trusses and girders of bridge spans 
and the columns of viaduct towers and bents shall be designed for the stresses 

f iroduccd by a load on each traffic lane composed of a unif9rm load per 
■near foot of lane with a concentrated load so located longitudinally therein 
as to produce maximum stresses. The concentrated load shall be considered 
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as uniformly distributed transversely on a line having a length equal to the 
width of the lane. The standard truck clearance width of 9' shall tw assumed 
as constituting the width of one traffic lane. 

82.193. The class of loading used shall be one of the following: 

Loading His. A total load on each traffic lane composed of a uniform 
load of 450 lb. per linear foot and a single concentrated 
load of 21,000 Ib. 

Loading Hio. A total load on each traffic lane composed of a uniform 
load of 300 lb. per linear foot and a single concentrated 
load of 14,000 lb. 



Fig. 6.— Electric car loading. 


83.193. Load Classificatioa of Bridges.—Bridges shall be classified or 
rated in relation to their capacities for safely supporting highway loads. In 
general, the division into classes and the corresponding loadings shall be 
as follows: 

Class A. Bridges supporting normally heavy highway-traffic units with 
occasional specially heavy loads. Class A bridges shall 
be designed for k'ading HiS- 

Class B, Bridges of a temporary or semitemporary nature supporting 
light highway-traffic units. Class 3 bridges shall be 
designed for loading Hio. 



Fig. 7.—Freight car loading. 


83.194. Application of Loads to Girders and Trusses.—Girders and trusses 
shall be designed to support as many traffic lanes as the width of roadway 
will permit, assuming them to be placed symmetrically with regard to the 
roadway center lines. 

83.195. To provide for an increase in truss and j.r 4 pdcr stresses resulting 
from the passage of eccentrically placed loads and for a decrease in traffic 
lane intensity for increasing widths of roadway, the stresses obtained by the 
application of the above loading shall be multiplied by the coefficient C 
given by the following formulas: 

Case I. When W is less than 18^ 



9 


Case II. When W is equal to or greater than 18'. 

^ 16 

^ * iSn 

where W * the width of roadway for bridges with two main girders or 
trusses: or the distance center to center of girders or trusses 
for bridges with more than two main girders or trusses. 
n ■» number of lanes of traffic. 
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8a.ip6. Application of Loads to Floor System.— -Bridge floor systems shall 
be designed to support as many trucks, not exceeding four, as the width of 
roadway will permit. 

8a.X97. When the design of the floor system involves the placing of trucks 
adjacent to curbs, the extreme position of a truck shall be assumed as that 
in which the center of the outside wheel is i' 6" from the inside edge of the 
curb. 

8a.198. Sidewalk Loads.—All sidewalk stringers and brackets shall be 
designed to support a live load of not less than 100 lb. per square foot of 
sidewalk area. 

82.199. Girders or trusses supporting sidewalks shall be designed to 
support a sidewalk live load as determined by the following formula, provided 
that in no case shall the live load be less than 20 lb. per square foot of sidewalk 
area: 

P « (80 — o.I25L)(i — 0.025W) 
where P “ live load, in pounds per square foot of sidewalk area. 

/. * loaded length of sidewalk, in feet. 

IV « clear width of widewalk, in feet. 

No impact increment shall be added to sidewalk load. 

83.200. In general, provision shall be made to prevent the encroachment 
of roadway loads upon the sidewalk area. Whenever the details of the 
structure permit such encroachment, the sidewalks shall be designed for the 
roadway loads and impacts so involved. 

82.201. All live-load stresses, except those due to sidewalk loads and cen¬ 
trifugal tractive and wind forces, snail be increased by an allowance for 
dynamic, vibratory, and impact effects. 

82.202. For end floorbearns, floorbeam hangers, columns supporting 
floorbeam concentrations and all floorbeam connections, the impact allow¬ 
ance shall be 60 % of the live-load stress. 

82.303. For all other portions of structures, the impact allowance or 
increment is expressed as a coefficient of the live-load stress varying with the 
loaded length of the structure and the width of tlje roadway area. Its 
intensity is determined by the following formulas in which 

I — impact coefficient. 

L — loaded length in feet producing the maximum static stress in 
the member considered. 

W — the width of roadway for bridges with two main girders or 
trusses; or the distance center to center of girders or trusses 
for bridges with more than two main girders or trusses. 

For electric railway loads: 

/ -B L -}- 9 00 
12L -f 1200 

83.304. For Highway Loads. 

When W is equal to or less than 18'. 

/ « 

“ loL -f 250 

When W is greater than 18', 

W + 18 ^ (loL -h 500) 

82.205. For highway loads, the maximum value of /, as given by the above 
formulas, shall not exceed 0.30. The impact allowance for intermediate 
floor beams and stringers shall be 0.30. 

82.205a. Wind Load.—The force due to wind and lateral vibrations shall 
be taken as horisontal and shall be treated as a uniformly moving load acting 
only on the lateral and sway bracing. This lateral force shall be taken 
at 30 lb. per square foot on one and one-half times the side area of all trusses 
or girders plus the area of the railings and the vertical projection of the floor. 
In the case of truss spans it shall be considered as divided between the 
loaded and the unloaded chords in the proportion of two-thirds to the 
former and one-third to the latter. In adaition to the foregoing, a moving 
load of ISO Ih. per linear foot shall be considered as acting in the plane of the 
bridge fl^r on highway bridges and 300 lb. per linear foot upon bridges for 
combined highway and electric-railway service. However, in the case of 
structures having a reinforced-concrete floor slab engaging the flanges of the 
tt^ floor members this additional loaded chord load need not be considered. 
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8 a.3o6. c. Distribution of Truck Wheel Loads to Strinpiers and Floor- 
beams. —In calculating end shears and end reactions of stringers and floor- 
beams, no lateral or longitudinal distribution of wheel loads shall be assumed. 

83.307. Bending Moments.—In determining bending moments in stringers, 
each wheel load shall be assumed as concentrated at a point. When the 
floor system is designed for one truck, each interior stringer shall be pro¬ 
portioned to support that part of one rear wheel load, or those parts of one 
front wheel load and one rear wheel 1 ad, represented by a fraction whose 
numerator is the stringer spacing in feet and whose denominator is: 

4' o” for plank floors. 

5' o" for strip floors 4'' or more in thickness and for wood blocks on a 4" 
plank subfloor. 

6' 0" for reinforced-concrete floors. 

83.308. When the floor system is <lesigncd for two trucks, each interior 
stringer shall be proportioned to support that part of one rear wheel load, 
or these parts of one front wheel load and f>ne rear wheel load, represented 
by a fraction whose numerator is the stringer spacing in feet and whose 
denominator is: 

3' 6 " for plank floors. 

4' o" for strip floors 4" or more in thickness and for wood blocks on 4" 
plank subfloor. 

s' 6" for reinforced-concrete floors. 

83.309. The live load supported by the outside stringers shall be the 
reaction of the truck wheels in the most unfavorable position, assuming the 
flooring to act as a simple beam, but this live load shall in no case be less 
than would be required for interior stringers under the above requirements. 

83 . 3 X 0 . The above distribution rules govern only when the stringer spac¬ 
ing is not greater than the denominator %vhich applies to the particular case 
under consideration. When the stringer spacing is greater than this dis¬ 
tance. the stringer loads shall be determined by the reactions of the truck 
wheels placed in the most unfavorable position, assuming the flooring between 
stringers to act as simple beams. 

83.311. The combined load capacity of the stringers in a panel shall be not 
less than the total live and dead load in the panel. 

83.313. Bending Moments in Floorbeams.—In determining bending 
moments in floorbeams, each wheel load shall be assumed as concentrated at 
a point. 

83.3x3. When stringers are omitted and the floor is supported directly on 
the floorbeams, the latter shall be proportioned to carry that fraction of one 
axle load, when the floor system is designed for one trick, or of two axle 
loads, when the floor system is desirmed for two tnick‘^. wIk'Sc numerator 
is the floorbeam spacing in feet and whose denominator is: 

4' o" for plank floors. 

s' o" for strip floors 4" or more in thickness and for wood blocks on 4" plank 
subfloor. 

6' o" for reinforced-concrete floors. 

83.314. When the spacing of floorbeams exceeds the denominator given 
but is less than the axle spacing (14' o"), each beam shall be proportioned 
to carry the full axle load or loads. 

83.3x5. When the floorbeam spacing exceeds the spacing of axles the load 
supported on each floorbeam shall be the maximum reaction flue to the axle 
loads, assuming the flooring between flf>orhcams to act as a simple beam. 

83.3x6. d. Unit Stresses—Steel Structures.—Unless otherwise provided, 
the several parts of a structure shall be so proportioned that the unit stresses 
will not exceed the following, except as provided for structural-steel design, 
under combined stresses, secondary stresses and allowances for overload. 
Unless otherwise noted, all unit stresses are given in pounds per square inch. 


83.3*7. Structural Grade and Rivet Steel—Tenslona. 

Axial tension, structural memliers. net section.16,000 

Rivets in tension, where permitted. .50% of single shear values 

Bolts, area at root of thread.10,000 

83.3x8. Structural Grade and Rivet Steel—Compression. 

Axial compression, otoss section. 15.000-50 l/r 

but not to exceea X3.500 

I » length of member, in inches 
r •» least radius of gyration, in inches. 


83.3x9. Structural Grade and Rivet Steel—Bending on Extreme Fiber. 

Moiled shapes, built sections and girders, net section . . . 16,000 
Pins.34.000 
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8 a. 230 . Structural Grade and Rivet Steel—Shear. 

Girder webs, gross section.10,000 

Pins and shop-driven rivets.13.000 

Power-driven field rivets and turned bolts.10,000 

Hand-driven rivets and unfinished bolts. 7,S00 

Sa.aaz. Structural Grade and Rivet Steel—Bearings. 

Pins, steel parts in contact and shop-driven rivets.24,000 

Power-driven field rivets and turned bolts.20,000 

Hand-driven rivets and unfinished bolts.15,000 

Expansion rollers, pounds per linear inch. 6 ood 

where d = diameter of roller in inches. 


83.333 Structural Grade and Rivet Steel—Countersunk Rivets. 

In metal thick and over, half the depth of countersink 
shall be omitted in calculating bearing area. 

In metal less than thick, countersunk rivets shall not be 
assumed to carry stress. 

82.333 Structural Grade and Rivet Steel—Diagonal Tension. 

In webs of girders and rolled beams, at sections where 


maximum shear and bending occur simultaneously.. . .16,000 

Wrought iron—axial tension.12,000 

Cast steel—bending on extreme filler.12,000 

Cast iron—bending on extreme fiber. 3.000 

Cast steel—shear.• .10,000 

Cast iron—shear. 3,000 

Cast steel—bearing.14,000 

Cast iron—bearing.10,000 

Bronze sliding expansion bearings. 3.000 

Bearing on concrete masonry and limestone masonry and 
better. Soo 


82.334. Dimensions for Stress Calculation.—For the calculation of 
stresses, effective span lengths shall be assumed as follows: 

Beams and girders, distance between centers of bearings. Trusses, dis¬ 
tance between centers of end pins or of bearings. Floor beams, distance 
between centers of trusses or girders. Stringers, distance between centers 
of floorbeams. 

82.335. For the calculation of stresses, effective depths shall be assumed as 
follows: 

Riveted trusses, distance between centers of gravity of the chords. 

Pin-connected trusses, distance between centers of chord pins. 

Plate girders, distance between centers of gravity of the flanges but not to 
exceed the distance back to back of flange angles. 

83.336. Reversal of Stress.— Members subject to reversal of stress during 
the pas.sage of live load shall be proportioned as follows: Determine the 
tensile and the compressive stresses and increase each by 50% of the smaller; 
then proportion the member so that it will be capable of resisting each in¬ 
creased stress. The connections shall be proportioned for the sum of the 
original stresses. 

83 . 337 > No pin-connected member shall be subjected to reversal of stress. 

83.338. When the live-load and dead-load stresses are of opposite sign, 
only 70% of the dead load stress shall be considered as effective in counter¬ 
acting the live load stress. 

83.339. Combined Stresses.—Members subject to both axial and bending 
stresses shall be proportioned so that the combined fiber stresses will not 
exceed ♦he allowable axial stress. Members continuous over panel points 
shall be proportioned for live- and dead-load bending moments equivalent to 
those computed for a simple beam having a span equal to one panel length. 

83.330. Stresses Due to Lateral and Longitudinal Forces and Temper¬ 
ature. —In proportioning the various parts of the structure, provision shall be 
made for the following stress combinations: 

Group A—Dead load; live load; impact; centrifugal force. 

Group B—Lateral force; longitudinal force; temperature. 

82.331. Members subject to the stresses of Group A in conbination with 
the stresses of Group B, either direct or flexural or both, shall be desimed 
for any of the following combinations at unit stresses 3 S% greater than those 
specified, but the resulting sections shall be not less than would be required 
if the stresses of Group A were considered alone. 
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1. The combined stresses of Group B in combination with dead load only. 

2. The combined stresses of Group A in combination with so% of the 
combined stresses of Group B. 

3. The combined stresses of Group A in combination with temperature 
only. 

82.332. Secondary Stresses.—Membera and their details shall be propor¬ 
tioned to reduce secondary stresses to a minimum. In simple trusses without 
suMivided panels the secondary stresses due to deformation in any member 
whose width measured in the place of flexure is less than one-tenth of its 
length need not be considered. When this ratio is exceeded, or where sub¬ 
divided panels are used, the secondary stresses shall be computed. In 
members designed for secondary stresses in combination with other stresses 
the specified allowable unit stresses may be increased 30%, but the sections 
shall be not less than required for primary stresses. 

82.233. Allowance for Overload.—For the calculation of stress reversal or 
counterstresscs. the specified live loads, either uniform or concentrated, shall 
be increased 100 % and for this loading condition the specified unit stresses 
shall be increased not more than 50 %. The resulting sections shall be not 
less than would have been required had the allowance for overload not been 
considered. 

82.234. Compression Flanges of Beams and Girders.—The gross area of 
the compression flanges of beams and plate girders shall be not less than the 
gross area of the tension flanges. 

82.235. The laterally unsupported length of the compression flanges of 
beams and girders shall not exceed forty times the flai^e width. When the 
unsupported length of flange exceeds twelve times the flange width, the com¬ 
pressive stress in pounds per square inch shall not exceed: 

\ 

19.000 — 250^ (maximum value. 16,000 lb.) 
where 

L « length, in inches, of unsupported flange, between lateral connections or 
knee braces. 

b * flange width in inches. 

82.236. Rolled beams shall be proportioned bv the moments of inertia of 
their sections. Proper allowances shall be made for any reduction in strength 
due to rivet holes in the tension flange or to any reduction in allowable stress 
due to the length of unsupported compression flange. 

82.227* Limiting Lengtnj of Members.—The ratio of unsupported length 
to the least radius of gyration shall not exceed 120 for main compression and 
stiffening members nor 140 for laterals and sway bracing. In proportioning 
the top chords of low trusses the unsupi>orted length shall be assumed as the 
lei^h between the rigid verticals. 

82.238. For main riveted tension members the ratio of length to least 
radius of gyration shall not exceed 200. 

82.239. Effective Bearing Area.—The effective bearing area of a pin, bolt, 
or rivet shall be its nominal diameter multiplied by the thickness of the metal 
on which it bears. 

82.240. Effective Diameter of Riveta.—In proportioning rivets, the nomi¬ 
nal diameter of the rivet shall be used. 

82.241. Size of Uvets.—Rivets shall be of the size specified but generally 
shall be ^ or Ji" in diameter; H'' rivets shall not be used in members carry¬ 
ing calculated stress except in 2^" legs of angles and in flanges of 6 and 7'^ 
beams and channels. 

82.242. The diameter of rivets in angles carrying calculated stress shall 
not exceed one-fourth of the width of the leg in which they are driven. In 
angles whose size is not so determined H" rivets may be used in 2'* legs, 
rivets in 2H" legs and “H" rivets in 3" legs. 

82.243* In no case, except in handrails, shall structural shapes be used 
which do not admit the use of H" diameter rivets. 

82.244. Pitch of Rivets. —The minimum allowable distance between 
centers of rivets shall be three times the diameter of the rivet, but preferably 
shall be not leas than the following: 


For diameter rivets, 

For diameter rivets. 

For diameter rivets. 



82.245* The maximum allowable pitch in the line of stress shall not ezoeed 
6 ^' or sixteen times the thickness of the thinnest outside plate er angle 
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connected, except in angles having two gage hnes with nvets staggered where 
the pitch in each line may be twice the above with a maximum ox lo''. 

82.346. In webs of members composed of two or more plates in contact, the 
rivets shall be spaced not more than 10'' between centers in gage and pitch, 
provided such rivets serve no other puxpose than to hold the plates in close 
contact. Tension members composed of two angles in contact shall be 
stitch riveted, using a pitch not greater than 12". 

82.247. Pitch in Ends of Compression Members.—Panel points shall be 
considered as ends of compression members. In the ends of built com¬ 
pression members the pitch of rivets connecting the component parts of the 
member shall not exceed four times the diameter of the rivet ror a length 
equal to one and onp-half times the maximum width of member. Beyond 
this point the rivet pitch shall be gradually increased for a length equal to 
one and one-half times the maximum width of the member until the maxi¬ 
mum spacing is reached. In angles having two lines of staggered rivets, in 
one leg, the pitch on each line may be twice that specified above but not 
greater than that allowed for the body of the member. 

82.248. Edge Distance of Rivets.—The minimum distance from the center 
of any rivet to a sheared edge shall be: 

For diameter rivets. lU" 

For diameter rivets. 

For diameter rivets. iH" 

82.249. The minimum distance from rolled or planned edges, except 
flanges of beams and channels, shall be: 

For diameter rivets. iW' 

For diameter rivets. iH" 

For diameter rivets. i" 

82.350. The maximum distance from any edge shall be eight times the 
thickness of the thinnest outside plate, but shall not fexceed s . 

82.251. Long Rivets.—Long rivets subject to calculated stress and having 
a grip m excess of 4H diameters shall be increased at least 1% for each addi¬ 
tional Hfl" of grip. If the grip exceeds six times the diameter of the rivet, 
specially designed rivets shall be used. 

82.252. Rivets in direct tension shall, in general, not be used. However, 
where so used their value shall be one-half that permitted for rivets in shear. 
Countersunk rivets shall not bo used in tension. 

82.253. Depth Ratios.—Trusses preferably shall have a depth not less 
than^o of the span, plate girders a depth not less than a of the span, and 
rolled b^ms a depth not less than 0 of the span. If less depths than these 
are used, the sections shall be increased so that the maximum deflection will 
not be greater than if these limiting ratios had not been exceeded. 

82.254. Parts Accessible.—The accessibility of all parts of a structure for 
inspection, cleaning, and painting shall be insured by the proper propor¬ 
tioning of members and the design of their details. 

82.255. Open Sections and Pockets.—Closed sections shall in general be 
avoided. Pockets or depressions which will retain water shall avoided 
as far as possible and those which are unavoidable shall be provided with 
effective drain holes or shall be effectively filled with waterproof material. 

82.256. Details shall be arranged so tnat the retention of dirt, leaves, or 
other foreign matter will be reduced to a minimum. Wherever angles are 
used, either singly or in pairs, they preferably shall be placed with the vertical 
le» extending downward. 

82.257. Symmetrical Sections.—Main members shall be proportioned so 
that their neutral axes shall be as nearly as practicable in the center of the 
section. 

82.258. In general; the gravity axes of main truss and other important 
members, meeting to form a joint, shall intersect in a common point so os to 
avoid eccentricity of stress. In cases of unavoidable eccentricitjr the mem¬ 
bers affected thereby shall be proportioned and the connection details 
designed to resist the stresses produced. 

82.259* Effective Area of Axigles in Tension. —The effective area of single 
angles in tension shall be assumed as the net area of the connected leg plus 
50% of the area of the unconnected leg. 

82.260. The effective area of a double-angle tension member shall be 
assumed as 80% of the net area of the member unless the end details and 
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connections are such that the individual angles are held against bending in 
both directions, in which case the full net area may be used. When the 
angles connect to separate gusset plates, as in the case of a double-webbed 
truss, the gusset plates shall be stiffened by diaphragms in the line of the 
connected angles or by tie plates extending to the ends of the angles if they 
are to be considered as offering such resistance to bending that the full net, 
area can be usel. When the angles are connected back to back on the oppo- ' 
site sides of a single gusset plate, the support may be assumed to be sufficient 
to allow the use of the full net section. 

8 a.a6x. Lug angles shall not be considered as effective in transmitting 
stress. 

82.262. Strength of Connections.—Unless otherwise provided, all con¬ 
nections shall be proportioned to develop not less than the full strength of 
the members connected. 

83.263. No connection, except for lacing bars and handrails, shall contain 
less than three rivets. 

82.364. Splices.—Continuous compression members in riveted structures, 
such as chords and trestle posts, shall have milled ends and full contact 
bearing at the splices. 

82.205. All splices, whether in tension or compression, shall be propor¬ 
tioned to develop the full strength of the members spliced and no allowance 
shall be made for milled ends of compression memliers. 

82.266. Splices shall be located as close to panel points as possible and. in 
general, shall be on that side of the panel point which is subjected to the 
smaller stress and outside of gusset plates. 

82.267. The arrangement ot the plates, angles or other splice elements shall 
be such as to make proper provision for the stresses in the component parts 
of the members spliced. 

82.268. Indirect Splices. —In all splice plates not in direct contact with the 
parts they connect, the number of rivets on each side of the joint shall be in 
excess of the number which would otherwise be required for a contact splice 
to the extent of two extra transverse lines for each intervening plate. 

82.369. Fillers.—Where ind rect splices involve rivets carrying stress and 
passing through fillers, the fillers shall be extended beyond the splicing 
material and the extension secured by additional rivets sufficient in number 
to develop the section of the filler. 

82.270. When the filler is less than thick, the splicing materials shall 
also be extended. 

82.271. Gusset Plates. —Gusset or connecting plates shall bo used for 
connecting all main members, except in pin-connected structures. In pro¬ 
portioning and detailing these plates, the rivets connecting each member shall 
be located, as nearly as practicable, symmetrically with the axis of the 
member. However, the full development of the elements of the member 
shall be given due consideration. The gusset plates shall be of ample thick¬ 
ness to resist shear, direct stress and flexure acting on the weakest or critical 
section of maximum stress. Reentrant cuts shall be avoided as far as 
possible. 

8a.27a< Minimum Thickness of Metsl.—The minimum thickness of 
structural steel shall be except for fillers and railings. However, gusset 
plates shall not be less than in thickness. 

82.273. Metal subjected to marked corrosive influence shall be increased 
in thickness. 

82.274. Cast steel shall not be less than i" and cast iron not less than iki'' 
thick, except for filler blocks. 

83 . 37 S> Compression Members.—In built compression members the 
metal shall be concentrated as much as possible in the webs and flanges, so 
that the center of gravity of the section may be near the center line of the 
member as practicable. 

82.276. rates in Compression.—Cover plates of built compression mem¬ 
bers and cover plates on the compression flanges of plate girders shall have 
a minimum thickness of one-fortieth, and the web plates of compression 
members a minimum thickness of one-thirtieth, of the transverse distance 
between the lines of rivets connecting them to the flanges. However, failing 
to meet this requirement, the width of plate between the connecting lines ol 
rivets in excess of forty times the thickness for cover plates and thirty times 
the thickness for wsb plates, shall not be considered as effective in resisting 
stress. 

82.277* OttUtanding Flanges.—Outstanding compression flanges of 
girders end mam compression members shall have s minimum thickness of 
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one-twelfth of the width of outstandingr flange. For lateral bracing and other 
secondary members this minimum thickness may be one^fourteenth of the 
width of the outstanding flange. 

8a.a78> Tie Plates.—The open sides of compression members shall be 
provided with lacing bars and shall have tie plates as near each end as prac¬ 
ticable and at intermediate points where the lacing is interrupted. Com¬ 
pression members composed of two angles and cover plates shall have, on 
their open sides, ties composed of short lengths of channel section with the 
flanges riveted to the vertical legs of the angles. 

83.279. Tension members composed of shapes shall have their separate 
segments connected by tie plates or by tie plates and lacing bars. 

82.380. The thickness of the tic plates shall be not less than one-fiftieth of 
the distance between the connecting lines of rivets. The tie plates shall be 
connected by not less than three rivets on each side, and in members having 
lacing bars the last rivet in the tie plate shall preferably also pass through 
the end of the adjacent bar. 

82.281. For mam compression members, the end tie plates shall have a 
length not less than one and one-half times the perpendicular distance 
between the lines of rivets connecting them to the member and with a rivet 
spacing of the preferred minimum and the intermediate tie plates a length 
not less than that distance. For main tension members the end tic plates 
shall have the length above specified for end tie plates on main compression 
members and the length of the intermediate tie plates shall not be less than 
three-fourths the length specified for intermediate tie plates on compression 
members. In tension members whose elements are connected by tie plates 
only, the distance center to center of plates shall not exceed 3'. 

82.282. For lateral struts and other secondary members, the length of end 
and intermediate tie plates shall be not less than three-fourths the perpen- 
dicular distance between the lines of rivets connecting them to the member. 

82.283. Lacin|[ Bars.—The lacing of compression members shall be pro¬ 
portioned to resist a transverse shear not less than that calculated by the 
formula; 

5 " 300A. 

where 5 « transverse shear, in pounds. 

A — gross area of member, in square inches. 

83.384. This shear shall be considered as divided equally among all 
stiffening parts in parallel planes, whether made up of continuous plates or 
lattice. The stress in the individual lacing bar shall be taken as the com¬ 
ponent of the shear, in the direction of the bar, in case sin Je lacing is used 
and half that amount if double lacing is used. The size of the bar shall be 
determined by the column formula in which L shall be taken as the distance 
between the connections to the main sections. 

82.285. The minimum width of lacing bars shall be: 

For TfJ'' diameter rivets. 2}^" 

For ^4" diameter rivets. 2^" 

For diameter rivets. a" 

82.286. Lacing bars having two rivets in each end shall be used for flanges 
S" or more in width. 

82.287. The minimum thickness of bars shall be one-fortieth of the distance 
between end rivets in the case of single lacing and one-sixtieth of this distance 
for double lacing. 

83.388. Double lacing, riveted at the intersections, shall be used when the 
perpendicular distance between rivet lines exceeds 15^'. 

82.289. The inclination of single lacing shall generally be about 60* and 
for double lacing it shall be about 45® to the axis of the member. Further¬ 
more, the maximum spacing of lacing bars shall be such that the ratio of 

length to radius of gyration for the portion of single flange between 

consecutive connections will be smaller than this ratio for the member as a 
whole. 

82.290. Shapes of equivalent strength may be used instead of flats. 

82.291. Net Section at Pins.—Pin-connected riveted tension members shall 
have a net section, both through the pin hole and back of the pin hole, at 
least 2$ % in excess of the net section of the body of the member. 

82.292. Net Section of Riveted Tension Members.—In calculating the 
required area of riveted tension members, not sections shall be used in all 
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cases, and in deducting rivet holes they shall be taken as H'' larger than the 
nominal diameter of the rivet. 

Sa.a^a. The net section shall be the least area which can be obtained by- 
deducting from the gross sectional area, the area of holes cut by any straight 
or zigzag section across the member, counting the full area of the hrst hole 
and a Actional part of each succeeding hole, the fractional part being 
determined by the formula: 



where * «• fraction of rivet hole to be deducted. 

5 stagger or longitudinal spacing of rivets with respect to rivet 
on last gage line. 

g ■■ distance between gage lines, or transverse spacing. 

k — diameter of rivet holes, or nominal diameter of rivet plus H"* 

Sa.apa. Location of Pins.—Pins shall be located, with respect to the neutral 
axis of the members, so as to reduce to a minimum secondary stresses due to 
bending. 

83.395. Pio Plates.—Pin plates shall be of sufficient thickness to provide 
the required bearing area upon the pin; they shall be as wide as the dimen¬ 
sions of the member will allow; and their length, measured from pin center 
to end. shall be at least equal to the width. Pin plates shall contain sufficient 
rivets to distribute their due proportion of the pin pressure to the full cross- 
section of the members; only the rivets located within two lines drawn from 
the pin center toward the body of the member and inclined at 45“ to the axis 
of the member shall be considered effective for this putpose. In the case of 
members composed of web plates and flange angles (with or without a cover 
plate), there shall be at least one outside pin plate covering the vertical legs 
of the flange angles. 

83.396. At the ends of compression members at least one pair of pin plates 
shall extend not less than 6'' beyond the near edge of the tic plate. 

83.397. All pin-conncctcd compression meml>ers shall be provided with 
hinge plates having a minimum thickness of H". 

83.398. Forked Ends.—Forked ends on compression mcml>ers will be 
permitted only when unavoidable. When used, a sufficient number of pin 
plates shall be provided to give each jaw the full strength of the compression 
member. At least one pair of these plates shall extend to the far edge of 
the tie plates, and the others not less than 6" beyond the near edge of the tie 
plates. 

83.399* Pin* and Pin Nuts.—Pins shall be proportioned for the maximum 
shears and bending moments by the stresses in the members connected. 
If there arc cyebars among the parts connected, the diameter of the pin 
shall be not less than two-thirds of the width of the widest bar attached. 
Pina shall be of sufficient length to secure a full bearing of all parts connected 
upon the turned body of the pin. They shall be secured in position by hexa¬ 
gonal chambered nuts or by hexagonal solid nuts with washers. Where the 
pins are bored, through rods with cap washers may be user!. In general, 
malleable castings conforming to the requirements of Material Details, Item 
100.38, shall be used for pin nuts. Pin nuts shall be secured by cotters in 
the screw ends. 

83.300. Bolts. —Unless specifically authorized, bolted connections will 
not be permitted. Bolts, when used, shall be unfinished or turned as specified 
and shall meet the requirements of Item 59-31- 

83.301. Bolts in tension shall have double nuts. 

83.303. Upset Biids.--t-Bars and rods with screw ends shall be upset to 
provide a cross-sectionar area at the root of the thread which shall exceed 
the net section of the body of the member by at Ica.st 15 %. 

83.303. Sleeve Nuts. —Sleeve nuts shall not be used. 

83.304. Bzpaaaion. —Provision for expansion and contraction, to the 
extent of H*'{or each 10' of span, shall be made for all bridges. Expansion 
ends shall be firmly secured against lifting or lateral movement. 

82.305. Bzpansion Bearings. —Spans of less than jo' may be arranged to 
slide upon metal plates with smooth surfaces. Spans of jo' and over shall 
be provided with rollers or rockers or with the special sliding bearings 
described below. Neither rollers nor rockers shall be used for expansion 
bearings at the top of trestle posts. 

8a.3M. Fixed Bearings. —Fixed bearings shall be firmly anchored. 

B3.307. Hinged or Pin Bearinjn. —Spans of 70' and over shall have hinged 
or pin bearings at both ends. The pedestals or shoes shall be so designed 
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that all loads will act through the end pins which will be located directly 
over the geometrical center of the bearings. 

83.308. Rollers.—Expansion rollers shall he not less than 4" in diameter 
for span lengths of 100^ or less and this minimum shall be increased not 
less than i" for each additional 100' of span, and proportionally for inter¬ 
mediate lengths. They shall be connected together by substantial side bars 
and shall be eflFectually guided so as to prevent lateral movement, skewing, or 
creeping. The rollers and bearing plates shall be protected from dirt and 
water as far as possible, and the constmction shall be such that water will 
not be retained and that the roller nests may be inspected and cleaned with 
the minimum difficulty. 

83.309. Rockers.—Pin-bearing expansion rockers shall be of cast steel or 
cast iron. 

83.310. Special Sliding Expansion Bearings.—Sliding plates for the expan¬ 
sion Idlings of spans of 70' and over shall be of Class A bronze, as prescribed 
under item Structural Steel. These plates shall be chamfered at the ends 
and shall be held securely in position, usually be being inset into the metal of 
the pedestals and sole plates. Provision shall be made against any accumula¬ 
tion of dirt which will obstruct their movement. 

83.3x1. Pedestals and Shoes.—Pedestals and shoes shall be designed to 
secure rigidity and stability and to distribute the reaction uniformly over the 
entire bearing area. Preferably, they shall be made of cast steel or structural 
steel. The bottom bearing widths shall not exceed the top bearing widths 
by more than twice the depth of pedestal and, when involving pin barings, 
this depth shall be measured from the center of pin. 

83.313. Where built pedestals and shoes are used, the web plates and the 
angles connecting them to the base plates shall be not less than thick. 
If the size of the pedestal permits, the webs shall be rigidly connected 
transversely. 

83.313. Inclined Bearings.—For spans on an inclined grade and without 
pin or hinged bearing, the sole plates shall be beveled so that the substructure 
oridge seats will be level. 

83.314. Anchor Bolts.—Trusses, mrders, andT-beara spans shall be securely 
anchored to their substructures. Anchor bolts shall be roughened by being 
screw threaded or swedged to secure a satisfactory grip upon the materisd 
used to embed them in the holes. 

83.3x5. The following are the minimum requirements for each bearing: 

For I-beams spans, the outer beam shall be anchored at each 
end with two bolts 

i" in diameter, set 10" in the masonry. 

For girder and truss spans, 30' in length or less, 2 bolts 

i" in diameter, set 10" in masonry. 

SI to 100' in length, 2 bolts, in diameter, set 1' o" in 
masonry. 

101 to 150' in length, 2 bolts, iH" in diameter, set xs" in 
masonry. 

151 to 250' in length, 4 bolts, in diameter, set i'6''in 

masonry. 

83.3x6. Anchor bolts subject to tension, as in the column bases of trestle 
bents and towers, shall be designed to engage a mass of masonry which will 
secure a resistance equal to one and one-halt times the calculated uplift. 

Floor System 

83.3x7. Floorbeams.—Floorbeams preferably shall be at right angles to 
the trusses or main girders and shall be rigidly connected thereto. In 
(general, floorbeam connections shall be located above the bottom chord, and 
tn riveted work the bottom-chord lateral system shall engage both the 
bottom chord and the floorbeam. Floorbeam connections to pm-connected 
trusses preferably shall be above the bottom-chord pins, but, if located 
below, the vertical posts shall be extended below the pins to secure rigid 
connections to the floorbeams. 

83.3x8. End Floorbeams.—Except in skew bridges, end floorbeams shall 
be provided in all truss and girder spans. End floorbeams preferably shall 
be designed to permit the use of jacks for the future lifting of the super¬ 
structure, under which condition the specified unit stresses shall not be 
exceeded by more than 50%. 

82.3 X9« find floorbeams shall be arranged to permit future painting of the 
aides o( the beams adjacent to the abutment backwalls. 
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82.320. Strmgers.—Steel stringers preferably shall be riveted between the 
floorbeams, with end connections to the floorb^m webs. 

82.321. End Struts.—When end floorbeams are not used, the end-panel 
stringers shall be secured in correct locations by end struts securely con¬ 
nected to the stringers and to the main trusses or girders. The end-panel 
lateral bracing shall be rigidly attached to the main trusses or girders and 
shall also be attached to the end struts. Adequate provision shall be made 
for the expansion movement of stringers. 

82.322. End Connections for Floorbeams and Stringers.—The end-con¬ 
nection angles of floorbeams and stringers shall be not less than in 
thickness. W'hen milled ends arc required, the thickness of connection 
angles shall be He'' greater than for connection angles not required t9 be 
milled. Except in cases of special end lloorbeam details, end connections 
for floorbeams and stringers shall be made with two angles at each end. 
Bracket or shelf angles which may be used to furnish support during erection 
shall not be considered in determining the number ol rivets required to 
transmit end shears. 

82.323. End-connection angles shall develop the full depth of the webs by 
having a length as great as the flanges will permit. 

82.324. In the preparation of end-connection details, special care shall be 
exercised to provide ample clearance for the driving of field connection rivets. 

82.325. The use of any type of floorbeam hanger which docs not prevent 
all rotation or lon^tudinal motion of the floorbeam will not be permitted. 

82.326. Expansion Joints.—To provide for expansion and construction 
movement, suitable floor expansion joints shall be provided at the expansion 
ends of all spans and at other points where they may be required. 

82.327. Apron plates, when used, shall be designed properly to bridge the 
joint and to prevent, as far as possible, the deposit of roadway debns upon 
the bridge seat. 

Bracing 

82.338. Design of Bracing.— Lateral, longitudinal, and transverse bracing 
shall be composed of angles or other shapes olTering resistance to deformation 
when subjected to compressive stress, and shall have riveted connections. 

82.329. In general, bracing shall consist of a double system of diagonal 
tension mcml)ers with transverse compression members. 'I he diagonals in 
each system shall be proportioned to carry the total lateral stress in tension, 
the transverse struts (or floorbeams) acting as compression members of both 
systems. 

83.330. All intersections of lateral and sway bracing shall be riveted to add 
rigidity and prevent deformations. 

82.331. Lateral Bracing.— Bottom lateral bracing shall be provided in all 
bridges except I-beam spans, from which it may be omitted. Bottom laterals 
preferably shall be supported by rigid hangers at the intersections. 

82.333. Top lateral bracing shall be provided in deck spans and in through 
spans having sufficient headroom. 

82.333. Lateral bracing for compression chords shall preferably consist of 
either two or four angle latticed sections; and so designed as to effectively 
engage both flanges of the chords. 

82.334. Lateral bracing shall have concentric connections to chords at end 
ioints. and preferably throughout. The connections between the lateral 
bracing and the chords shall be designed to avoid, as far as possible, any 
bending stress in the truss members. 

82.33s* Portal and Sway Bracing.— Through truss spans shall have portal 
bracing, preferably of the two-plane or box type, rigidly connected to the end 
post and top chord flanges, and constructed as deep as the minimum clearance 
will allow. When a single-plane portal is used, it preferably shall be located 
in the central transverse plane of the end posts, with diaphragms between 
Che webs of the posts to provide for a proper distribution of the portal stresses. 
The portal bracing shall be designed to take the full end reaction of the top- 
cbord lateral system and the end posts shall be designed to transfer this 
reaction to the truss bearings. 

82.336. Deck truss spans shall have adequate sway bracing at the ends 
and at all intermediate panel points. This bracing shall occupy the full 
depth of the trusses below the floor system. The bracing shall be propor¬ 
tioned to transfer the end reaction of the top lateral system to the 
eubetmeture. 

Sj. 337* Through truss spans shall have sway bracing at each intermediate 
panel point if the height of the trussee is such as to permit a depth of s' or 
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more for the bracing. When the height of the trusses will not permit of such 
depth, the top lateral struts shall be provided with knee braces. Top lateral 
struts shall be at least as deep as the top chord. Sway bracing shall be of 
ample strength to transfer one-half of the wind pressure to the leeward 
truss. 

83.338. Cross-frames.—Deck plate-girder spans shall be provided with 
cross-frames at each end proportioned to resist all lateral forces and shall 
have intermediate cross-frames at intervals not exceeding is'. These 
frames shall be connected to the outstanding lags of the stiffener angles and 
to the girder flanges. 

83.339. Low Truss Spans.—The vertical truss members and the floorbeam 
connections of low truss spans shall be proportioned to resist a lateral force, 
applied at the top-chord panel points of the truss determined by the following 
equation: 

R - ISO (.4 -H P) 
where R ■« lateral force in pounds. 

A - area of cross-section of chord in square inches. 

P — panel length in feet. 

83.340. This rigidity may be secured in part by extending one or both of 
the floorbeam connection angles upward along the inside of the post. Pref¬ 
erably outrigger brackets attached to the vertical posts on the outside of the 
trusses shall not be used. 

83.341. Through Girder Spans.—Through plate-girder spans shall be 
stiffened against lateral deformations by means of gusset plates, or knee 
braces with solid webs, attached to the stiffener angles and floorbeams. If 
the unsupported length of the inclined edge of the gusset plate exceeds 
sixty times its thickness, the gusset plate shall have stiffener angles riveted 
along its c^e. 

83.343. These braces generally shall extend to the clearance line and pref¬ 
erably shall be spaced not farther apart than 15'. 

83.3^3. Railings.—Substantial railings shall be provided along each side 
of the bridge for the protection of tramc. In general, the railings shall be 
two classes, ns.; 

1. Railings suitable for use on country bridges which are not subject to 
general pedestrian trafTic. 

2. Railings for the protection of pedestrians on bridge in cities or villages. 

83.344. The top rail of all railings shall be located approximately 3' 6" 
above the bridge floor and shall be capable of resisting a horizontal force of 
100 lb. per linear foot. 

^ 83.345. Railings of the f.rst class may consist of not less than two lines of 
horizontal rails of approved section. 

83.346. Railings 01 the second class shall consist of an upper and lower 
horizontal rail connected by a suitable web. The clear distance between 
the floor and the lower rail shall not exceed 6". 

83.347. Preferably the unsupported length of any rail section shall npt 
exceed 8' and all connections to posts, truss members, etc. shall contain 
not less than two rivets each. Ample provision shall be made for move¬ 
ment due to temperature. 

Plate Girders 

83.348. Proportioning. —Plate girders shall be proportioned either by 
assuming the flanges to be concentrated at their centers of gravity or by 
the moment of inertia of the net section. In the former case one-cighth of 
the gross area of the web is available as net flange area, but the effective 
depth shall not be assumed to be greater than the distance back to back of 
flange angles. For girders having unusual cross-sections, the moment-of- 
inertia method ahall be used. 

83.349. Flange Sections. —The gross section of the compression flange 
shall be not less than the gross section of the tension flange. The com¬ 
pression flange preferably shall be stayed against lateral deflection at inter¬ 
vals not exceeding twelve times its width. 

83 . 3 go. The flange angles shall form as large a portion of the gross area 
of the flange as practicable. 

83.351. When flange cover plates are used, at least one plate on the top 
flange shall extend the full length of the girder. Any additional flange 
cover plates shall be of such length as to allow two rows of rivets to be 
placed at each end of the plate beyond its theoretical end, and there shall be 
a tuffleient numl>er of rivets at the ends of each plate to develop its full 
stress value before the theoretical end of the next outside plate is reached. 
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82.3». Flange cover plates shall be equal in thickness, or shall diminish 
in thickness from the dange angles outward. No plate shall have a thick- 
ness greater than that of the flange angles. 

82.353. Web Plates.—Web plates shall be proportioned for both the 
vertical and horizontal shearing stresses. Splices in web plates shall be 
avoided as far as possible, but, when used, they shall be designed to develop 
the full value of tne web plate for both bending and shearing stresses. 

82.354. Flange Rivets.—The number of rivets connectini^ the flange 
angles to the web plates shall be suflicient to develop the increment of 
flange stress transmitted to the flange angles, combined with any load that 
is applied directly to the flange. For electric railways, one-wheel load, 
when applied directly to the flange, shall be assumed to be distributed 
uniformly over a length of 3'. 

82.355. Flange Splices.—Splices in flange members shall not be used 
except by special permission of the engineer. Two members shall not be 
spliced at the same cross-section, and if practicable, splices shall be located 
at points where there is an excess of section. The net section of the splice 
shall exceed by 10% the net section of the member spliced. Flange angle 
splices shall consist of two angles, one on each side. Splice angles shall 
be fitted to secure close contact with the material spliced. 

82.356. Web Splices.—Web plates shall be symmetrically spliced by 
plates on each sicie. The splice shall be equal in strength to the web in 
both shear and moment. There shall be at least two rows of rivets on each 
side of the Joint. 

82.357. End Stiffeners.—Plate girders shall have stifTencr angles over end 
bearings, the outstanding legs of which shall be as wndc as the flange angles 
will allow and shall fit tightly against them. These end stiffeners shall be 
proportioned for bearing on the outstanding legs of the flange angles, no 
allowance being made for the legs fitted to the fillets of the flange angles. 
End stiffeners shall be arranged to transmit the total end reaction and to 
distribute it over the bearings. They shall not lie crirnptMl and the con¬ 
nection to the web shall contain a sufficient number of rivets to transmit the 
entire reaction, 

82.358. Intermediate Stiffeners.—Intermediate-stiffener angles shall be 
riveted in pairs to the web of the girder. The outstanding leg of each 
angle shall have a width of not more than sixteen times its thickness and 
not less than 2" plus one-thirtieth of the depth of the girder. 

82.359. Intermediate stiffeners shall be spaced at intervals not exceeding; 

a. Six feet. 

b. The depth of the web. 

c. The distance given by the formula. 

d — — (12,000-S) 

40 

where d » distance between rivet lines of stiffeners in inches. 
t ■■ thickness of web in inches. 

s ■■ web shear in pounds p>er s<{uare inch at the {>oint considered. 

82.360. When the depth of the web between the flange angles or side 
plates is less than sixty limes the web thickness, intermediate stiffeners 
may be omitted. 

82.361. Intermediate-stiffener angles shall be placed at points of con¬ 
centrated loading and shall be designed to transmit the reactions to the 
girder web. Such stiffeners shall not be crimped. Other intermediate 
stiffeners may be crimped. 

82.362. Ends of Through Girders. —The upper comers of through plate 
girders, where exposed, shall be neatly rounded to a radius consistent with 
the size of the flange angles and the vertical height of the girder above the 
roadway. The first flange plate or a plate of the same width will be bent 
around the curve and continued to the bottom of the girder. In a bridge 
consisting of two or more spans, only the comers on the extreme ends need 
to be rounded, unless the spans have girders of varying heights, in which 
case the higher girders shall nave their top flanges neatly curved down at the 
ends to meet the top comers of the girders in the adjacent spans. 

82.363. End Bearings. —End bearings of girders on masonry 8hal\ be 
raised above the bridge seat by metal pedestals or plates a height of at 
least 2 '\ 

82.364. Sole and Masonry Plates. —Sole and masonry plates shall each 
be not less than thick. 
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83.365. Camber.—In general, camber will not be required in plate grders 
except tor long spans or special conditions. When used, it shall be sufficient 
in amount to meet the requirements of the engineer. 

Trusses 

82.366. Main Features.—Preference will be given to trusres with single 
intersecting web members or other forms of trusses possessing the least 
ambiguity m computed stresses and the greatest elements of serviceability. 
Adjustable members in any part of the structure preferably shall be avoided. 
Members shall be symmetrical about the central plates of trusses and ail 
parts shall be so designed that they can be inspected, cleaned and painted. 

82.367. Through riveted and pin-connected spans will generally have 
inclined end posts. Low tn.iss spans shall be of the riveted type. In low 
truss spans, laterally unsup^rteu hip joints or ‘‘ flying hips ” shall be avoided. 

82.368. Top Chords and End Posts.—Top chords and end posts of low and 
through truss spans shall be made usually of two side segments with one 
cover plate and with tie plates and lacing on the open side. In chords of 
light section, tie plates and lacing may be used in place of a cover plate. 

82.369. Top chords of deck trusses subjected to direct loading shall be 
designed for the cross-bending occasioned by the dead, live, and impact 
loads of the floor system, in addition to the direct chord stresses, and all 
top-chord splices shall be proportioned for those stresses and any shearing 
stresses they may receive. Where the shape of the truss permits, compression 
chords shall be built continuous, wdth splices located as near the panel points 
as possible and preferably on the side subjected to the smaller stress. 

82.370. The top-chord sections of low truss spans shall be so proportioned 
that the radius of gyration about the vertical axis of the member shall be at 
least one and one-half times the radius of gyration about the hori^ontal axis. 

82.171. Bottom Chords.—The bottom chords of riveted trusses generally 
shall be spliced outside of gusset plates near panel points and on the side 
farthest away from the center of the span. 

82.37^ Bottom chords composed of angles preferably shall be detailed with 
the vertical legs of the angles extending downward. 

82.373. Working Lines and Gravity Axes.—For compression members 
formed of side segments and a cover plate, the working line shall coincide as 
nearly as practicable with the gravity axis of the section. For symmetrical 
sections the working line shall coincide with the gravity axis. For two angle 
bottom chord or diagonal mcml>ers, the working line may be taken as ^e 
gage line nearest the Viack of the angle. 

82.374. Camber.—Trusses shall in general be given a camber by increasing 
the length of the top chords an amount in each panel length equal to H*'' 
for each 10' of their horizontal prmcction. 

82.375. Rigid Members in ^n-coimected Trusses.—Pin-connected 
trusses shall have stiff riveted meinl>ers in the bottom chords of the first 
two main panels at each end of the span and all web members performing the 
function of suspenders shall lie of stiff riveted construction. 

82.376. Counters and Adjustable Members.—Rigid counters are preferred. 
Adjustable counters, when u.scd, shall have open tumbuckles and in the 
design of these members an allowance of 10,000 lb. shall be made for initial 
stress. Only one set of diagonals in any panel shall be adjustable. Sleeve 
nuts and loop bars shall not be used. 

82.377. l^ebars.—Eycbar heads shall have a cross-sectional area through 
the center of the pin hole exceeding that of the body of the bar by at least 40%. 
The net section ad^cent to the head shall be not less than that of the main 
body of the bar. The thickness of the bar shall be not less than one-eighth 
of the width and greater than 2", The forms of the head shall be submitted 
to the engineer for approval before the bars are made. The diameter of the 
pin shall be not less tnan two-thirds of the width of the widest bar connected. 

82.378. Packing Byebars.—The eyebars of a set shall be packed symmet¬ 
rically about the central plane of the truss and as nearly parallel as practi¬ 
cable, but in no case shall the inclination of any bar to the plane of the truss 
exceed yjt,’* per foot. Bars shall be packed as closely as practicable and 
hold against lateral movement, but they shall be arranged so that adjacent 
bars in the same panel will be separated by at least 

82.379. All intersecting diagonal bars not far enough apart to clear each 
other at all times shall be well clamped together at intersections. 

82.380. Steel filling rings shall be provided, when required, to prevent 
lateral movements of eyebars or other members connected upon pins. 
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82.381. Diaphragms. —Diaphragms shall be provided in the trusses at the 
end connections of all floorbeams. In general, such diaphragms shall extend 
down to the bottom flange of the floorbeam and for at least two rivet spaces 
above the top flange. 

83.38a. The gusset plates engaging the pedestal pin at the end of a truss 
shall be rigidly connected by a diaphragm which shall, in general, take direct 
bearing on the pin. Similarly, the pedestal webs shall, where practicable, be 
connected by diaphragms which shall in general take bearing on the beam. 

83.383. A diaphragm shall be provided between gusset plates engaging 
main members whenever the end tie plate is located at a distance of 4' or 
more from the point of intersection of the members. In general, the web of 
this diaphragm shall l>c located in the plane of the latticed flange. 

83.384. Sole and Masonry Plates.—Sole and masonry plates supporting 
trusses and columns shall each have a thickness of not less than . The 
bottom chords of trusses shall be raised above the bridge seat at least 2" 
by the use of metal plates or pedestals. 

Viaducts 

82.38s. Type .—Viaducts shall consist usually of alternate tower spans and 
free spans of plate girders or riveted trusses supported on trestle towers. 
However, in viaducts having a column height less than js', trestle bents may 
alternate with the towers. 

83.386. In viaducts rcauiring freedom of waterway and in structures 
having a less total column height than 20'. the number of intermediate trestle 
bents may be increased over that specified above but. in general, shall not 
exceed four in numl>er. Ample rigidity shall be secured m the attachment of 
the superimposed spans to the column caps of the bents. 

83.387. Beats and Towers.—Each trestle bent shall be composed pref¬ 
erably of two main supporting columns. Towers shall be composed of two 
bents rigidly braced and strutted both longitudinally and transversely. 

83.380. oingle Bents.—Where viaduct spans are supported on single 
bents, such bents, if less than 20' in height, shall be pin connected to their 
base sections or shall be designed to resist beiifling. 

83.389. Batter.—Columns preferably shall have a transverse batter of not 
less than i horizontal to 12 vertical. 

82.390. Depth of Girders.—The depth of plate girders in viaducts pref¬ 
erably shall be uniform. 

82.391. Girder Connections.—Girders of tower spans shall be fastened at 
each end to the tops of the columns or to the cross-girders. Girders between 
towers shall have one end riveted, and shall be provided with an effective 
expansion joint at the other end. No bracing or sway frame shall be com¬ 
mon to abutting spans. 

82.393. Bracing.—Towers shall be thoroughly braced, both transversely 
and longitudinally, with a double system of stiff tension diagonals with 
riveted connections. Longitudinal and transverse struts shall be placed at 
caps and bases and at all intermediate panel points. All bracing con¬ 
nections arc to be made by gusset plates. 

82.393. Column splices generally shall be located close to and above the 
panel points of the bracing. 

83.394. Horizontal diagonal bracing shall he provided at the tops and 
bases of towers and at least at all intermediate panel points of the lateral 
bracing where the tower columns are spliced. 

83.395. Provision shall be made in column bearings for expansion of tower 
bracing. The struts at the base of towers shall be strong enough to slide the 
movable shoes with the structure unloaded. The coefficient of friction shall 
be taken at 0.3. 

83.396. Sole and Masonry Plates.—Sole and masonry plates shall each 
be not less than thick. 

83.397. Anchorage.—Viaduct bents preferably shall have a sufficient 
spread at the base to prevent tension in anv windward leg. When this is 
impracticable, the column anchorages shall be designed safely to resist not 
less than one and one-half times the calculated uplift. 

83.398. Method of Measurement.—The quantities of the various pay 
items which constitute the structure constructed and completed in accordance 
with this specification and accepted, shall be measured for pay^ment according 
to the plans and specifications for the several items, and in terms of the 
corresponding units prescribed for the several pay items. 

83.399. Baals of Psjrment.—These measured quantities shall be paid for at 
the contract unit prices bid for the several pay items, which payment and 
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prices shall be full compensation for furnishing, fabricating, transporting 
and erecting all materials, for all shop work, painting and field work, for 
all labor, equipment, tools and incidentals necessary to complete the struc* 
tures ready for use. 

Standard Specifications 

FOR 

Highway Bridges and Incidental Structures 
American Association of State Highway Officials 


Introduction 


June I, 19 ?5 


These standard bridge specifications have been prepared for the purpose 
of encouraging and promoting a more uniform practice in the design and 
construction of highway bridges. 

The intent has been to put forth specifications susceptible of the widest 
possible app’ication and in their preparation the existing range of condi¬ 
tions and practices has been carefully studied, and coordinated in all essential 
elements to the greatest extent practicable. 

The specifications have been written primarily to meet the needs of the 
state bridge engineers for a complete working specification. The require¬ 
ments, therefore, have been made consistently definite, but it is recognized 
that, in individual cases, local or sectional limitations may make some 
modifications necessary. 

In scope, the specifications are limited to the field of ordinary highway 
bridges and do not provifle for unusual span lengths and types of con¬ 
struction. for which provision must be made by special or supplemental 
specifications. 

The engineers who. as members of the subcommittee on Bridges and 
Structures of the American As.sociation of State Highway Officials, have been 
responsible for their production are as follows: 

E. F. Kelley, U. S. Bureau of Public Roads. Washington. D. C., Chairman. 

E. E. Brandow, State Department of Highways, Pennsylvania, Secretary. 

J. H. Ames, State Highway Commission, Iowa. 

Charles E. Andrew. State Highway Department, Washington. 

W. C. Buctow, Resigned, formerly with State Highway Commission, 
Wisconsin. 

G. F. Burch. Department of Public Works and Buildings, Illinois. 

W. C. Burnham, State Highway Commission. Oklahoma. 

W^illiam L. Craven, State Highway Conimission, North Carolina. 

L. N. Edwards. State Highwav t'oinmission. Maine. 

J. T. Ellison. State Highway /)cpartment. Minnesota. 

William R. Gliddcn, State Highway Commission, Virginia. 

C. L. Hussey, State Board of Public Roads, Rhode Island. 

C. B. McCullough, State Highway Commission. Oregon. 

Charles A. Mead, State Board of Public Utility Commissioners. New 
Jersey. 

H. E. Sargent, State Highw'ay Board. Montpelier, Vt. 

S. B. Slack, State Highway Department, Georgia. 

L. G. Smith, State Highway Department, Alabama. 

William ]. Titu.s, State Highway Commission, Indiana. 

M. W. Torkelson, State Highway Commission. Wisconsin. 

H. E. Warrington, Resigned, formerly with State Highway Commission. 
California. 

G. G. Wickline. State Highway Department, Texas. 

R. B. Wright, U. S. Bureau of Public Roads, Portland, Ore. 


SECTION 18 

PAVING BLOCKS 
Asphalt Blocks 

I. General.—Asphalt blocks shall be composed of asphaltic cement, 
mineral aggregate and inorganic dust, as herein specified, thoroughly mixed 
while hot in such proportions, depending on their character, that the finished 
blockr shall conform to the specified requirements. 

The ingredients of the blocks shall be tested in accordance with the 
methods provided in the tentative Standard Methods of Sampling and 
Testing of the American Association of State Highway Officials. 
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Each bidder shall submit with his bid a specimen block of the size and 
quality described in these specifications, labeled with the name of the 
bidder, the name of the manufacturer, and the place of manufacture. Bids 
not accompanied by specimen blocks will not be accepted. 

3. Asphaltic Cement.—The asphaltic cement shall conform to the follow¬ 
ing requirements: 

I. It shall be homogeneous and free from water. 

3. Specific gravity 2S°/2S®C. ( 77 V 77 ®F-). not less than 1,00. 

3. Flash point: Not less than I90®C. (374®F.). 

4. The penetration at 2S°C. (77®F.). 100 g.. s sec. shall be varied to suit 
climatic and traffic conditions in accordance with the following table: 


Traffic 

Temperature [ 

Low 

j Moderate j 

High 1 

Light. 

IS- 2 S 

1 . 5-25 

10-15 1 

Moderate . 

I 5 - 2 S 

15^20 

10-15 ; 

Heavy 

15-20 

1 

10-20 

S-IS 


S- Loss on heating: At i63®C. (325°^-). SO g.. 5 hr., not more than 2%. 

6. Penetration of residue after heating: At 2S®C. (77°F.). 100 g., 5 sec., 
as compared to penetration before heating, not less than SO%. 

7. Ductility: At 2S°C. (77®F.). not less than 5- 

8. Proportion of bitumen soluble in carbon tetrachloride: not less than 
99 %• 

3. Mineral Aggregate. —The mineral aggregate shall be clean, hard, 
unweathered trap rock, dolomite, limestone, copper conglomerate, or other 
suitable material which shall show a percentage of wear of not more than s %. 
Its grading shall be such as to produce, with the inorganic dust, the mesh 
composition hereinafter specified. 

4. Inorganic Dust.— The inorganic dust, or filler, shall be produced from 
sound limestone or other approv'cd material and shall Ik* powdered to such a 
fineness that 95% shall pass a 30-mesh sieve and not less than S0% shall 
pass a 200-mesh sieve. Sufficient inorganic dust shall be used to give the 
mesh composition hereinafter specified. 

5. Manufacture of Blocks.— Before being mixed, the asphaltic cement and 
crushed mineral aggregate shall be heated separately. In no case shall 
either be heated to a higher temperature than 3SO®F., but the temperature 
of each shall be so regulated that the temperature of the block mixture as 
delivered to the press molds shall be not less than 22S®F. 

The mineral aggregate, inorganic dust, and asphaltic cement in the proper 
proportions shall be thoroughly mixed to produce a homogeneous mass in 
which all particles are thoroughly coated with asphaltic cement. 

The blocks shall receive a compression in the molds of not less than 4000 
lb. per square inch, applied on the 5 by 12" surface. After pressing they 
shall be cooled by passing through water or by other suitable means. 

6 . Characteristics of Finished Blocks. Site and Shape. — The blocks shall 
be in width by 12" in lengths unless the depth required is less than 2", in 
which case they shall be 4" in width by 8" in length. The depth shall be as 
shown on the plans. A variation cither vray from these dimensions of 

in length or in width or depth will be sufficient cause for rejection of any 
block. 

Composition. —The composition of the blocks, as delivered on the work, 
shall conform to the following requirements: 


Retained by screen (circular openings). not more than 10 % 

Passing screen and retained by 20-me8h sieve. 30 to 60% 

Passing 20-mesh sieve and retained by loo-mcsh sieve, is to 35% 

Pass^ xoo-mesh sieve (including all fines). 20 to 40 % 

Passing soo-mesh sieve. not less than 15 % 

Bitumen content. 6H to 9% 


Specific Gravity. —The blocks shall have a specific gravity of not less than 
S.3S at 77 *P. 

Ahawptiom Tss/.-—The blocks to be tested shall be cleaned of loose particles, 
carefully weighed, placed in a pressure vessel and subjected to a vacuum 
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of for X hr. at room temMrature. While still maintaining the vacuum, 
ivater shall then be admitted to the vessel until the blocks are completely 
immersed, after which the vacuum shall be relieved and water pressure 
carried up to 100 lb. per square inch and there maintained for i hr. The 
blocks shall then be removed from the vessel and, after mopping off all 
surface water, shall be carefully weighed. The average of a set of four 
blocks tested in this manner shall show absorption not exceeding one-half 
of I per cent by weight. 

Asphalt-block Wearing Surface 

15. General Requirement.—Asphalt-block wearing surfaces for concrete 
floors shall be placed only after the concrete floor has been thoroughly cured. 

x6. Materials.—All materials used in the construction of asphalt-block 
wearing surfaces shall conform to the requirements of Division II. Sand 
for the mortar bed shall conform to the requirements for Grade B fine 
aggregate. 

17. Preparation of Subfloor.—After the concrete floor slab has been prop¬ 
erly cured, and immediately before the mortar bed is placed, the surface 
of the slab shall be thoroughly hand broomed with stiff-wire or fiber brooms 
to remove all dust or foreign materials adhering to the surface. 

x8. Mortar Bed.—The mortar bed shall consist of sand and Portland 
cement, in the proportion of r part cement to 4 parts sand, mixed with 
sufficient wa^r to moisten the ingredients thoroughly and to make a mortar 
of such consistency that it can easily be spread upon the foundation and 
struck with a template to a smooth and even surface. It must not, however, 
be so soft as to allow the blocks to sink into the mortar when they are placed 
thereon. 

The mortar bed shall be spread on the foundation slab and evenly dis¬ 
tributed thereon in a uniform layer in thickness. The bed shall be 
struck to a true surface exactly parallel to the top of the finished pavement 
in the following manner: 

Wooden strips 4" wide by ’4" thick, or strips of steel 4"'wide by H to 
thick, of a convenient length for handling, shall be carefully set from curb 
to curb to the exact crown of the pavement and imbedded throughout their 
length in the mortar, so that the top surface of the strips shall be below the 
grade of the finished pavement by an amount equal to the thickness of the 
blocks and not less, on the average, than above the concrete. An iron- 
shod straight-edge or striker shall be drawn on two sets of these strips, set as 
above described, to strike the mortar bed to a true and even surface. The 
mortar bed shall be showered wnth fresh mortar and struck off as many 
times as is necessary to produce a uniformly dense bed, free from depressions 
or porous spots. Special care sh,all be exercised to produce a bed of uniform 
density. As soon as the mortar bed has been struck off, one set of strips 
shall taken up and the trenck carefully filled with mortar so that it will 
have the same height and density as the adjacent mortar. 

In the case of car tracks, a template to run on the rails shall be used to 
strike the mortar bed to the required grade between the rails. 

xp. Laying the Blocks.—Upon the mortar cushion prepared as described 
above, the blocks shall be immediately laid with close joints and uniform top 
surface. 

The blocks shall be laid by the pavers standing upon the blocks already 
laid and not upon the bed of mortar, and shall be laid at right angles to the 
axis of the pavement with such crown as is shown on the plans, and in such a 
manner that all longitudinal points shall be broken by a lap of approximately 
The blocks shall be laid so as to make the lateral joints as tight as 
possible, consistent with keeping a good alignment across the pavement, and 
where possible the longitudinal joints shall tSe immediately closed by pressing 
each course in the direction of its length with a lever. 

After the blocks arc laid, any irregularities in the surface of the pavement 
shall be corrected and the pavement immediately covered with clean, dry 
sand, all of which shall pass a 10-mesh sieve. The sand shall be spread over 
the surface and swept into the joints and shall be allowed to remain on 
the pavement not less than 30 days, or until such time as the action of the 
traffic on the pavement shall have thoroughly ground the sand into all the 
joints. 

ao. OMning to Traffic. —After the pavement is laid and sanded, it shall be 
protectea from all vehicle traffic for a period of at least 7 days and for a 
longer period if directed by the engineer. 
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21. Measurement and Payment.-—Payment for asphalt-block wearing 
surfaces shall include the cost of furnishing all materials, equipment, tools, 
and labor necessary for the satisfactory completion of the work. Payment 
will be made on the basis of the number of square yards of wearing surface 
complete in place. 

STATE HIGHWAY DEPARTMENT OF TEXAS 
Item 84. Culverts and Retaining Walls 

84.x. Description.—All concrete and masonry culverts, all pipe culverts, 
headwalls, and retaining walls shall be built as indicated on the plans, con- 
fonning to line, grade, dimensions, and design shown, and in accordance 
with the specifications for Concrete. Masonry, and Pipe of the several 
varieties, and other pay items which are to constitute the complete structures. 

84.2. Materials and material requirements shall be as prescribed for the 
several pay items involved. 

84.3. Construction Methods.—All foundations shall be inspected and 
approved by the engineer previous to placing any' masonry of footing. All 
excavations shall be carried to depth of foundation materials satisfactory 
to the engineer regardless of the elevations shown on the plans, and unsuit¬ 
able material shall be replaced with approved material if required. If 
rock bottom is secured, the excavation shall l>e d(jnc in such a manner 
as to allow the solid rock to be exposed and prepared in horizontal beds for 
receiving the masonry. All loose and disintegrated rock shall be removed. 

84.4. Pipe culverts under the roadbed shall be so placc<l that the mini¬ 
mum distance from finished grade of roadway to the top of pipe shall be as 
provided in the following table: 

Table op Minimum Depths of Good Fill or Ballast Over Pipe 
Culverts 


(On center line of roadway C, and outer edge of shoulder S) 



Note.—I f the material in the fill contains much clay, silt, or loam, increase 
the above minimum by a". 

8^5. When pipe is of the bcll-and-spigot type, the bell end of the pipe 
shall be laid up grade and all joints shall V>c made water tight with 1 to 2 
Portland-cement mortar. Before succeeding sections of pipe are laid, the 
lower portion of the hub of the preceding pipe shall l>e pTa.stercd on the 
inside with cement mortar of sufficient thickness to bring tne inner suriaces 
of the abutting pipes even. After the pipe is laid, the remainder of the 
joint shall be filled with similar material, and sufficient additional material 
shall be used to form a bead around the joint. The inside of the joint shall 
be wiped and finished smooth. After initial set, the cement on the out¬ 
side snail be protected from the air and sun with an earth covering. The 
bottom of tne trench shall be so shaped as to support each section of 
the pipe the full length of the body and shall have depressions cut to take 
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the bell of the pipe. Wherever solid rock occurs in a culvert trench, it shall be 
excavated to a depth of at least 6^' below the pipe and the space thus made 
refilled with selected fine material. In like manner, earthy material that 
is not sufficiently firm to support the pipe uniformly shall be excavated and 
replaced by selected fine material. In refilling the pipe trench the material 
for backfill shall be free from large stones for a depth of 9" around the pipe, 
and shall be placed carefully under and around the pipe and tamped to 
give the pipe a uniform bearing throughout. The ends of all pipe culverts 
shall be protected by concrete or masonry headwalls unless otherwise ordered 
by the engineer. 

84.6. Method of Measurement.—The quantities of the various pay items 
which constitute the completed and accepted structures shall be measured 
for payment according to the plans and specifications for the several items. 
Only accepted work shall be included and the dimensions used shall be the 
neat dimensions shown on the plans or ordered in writing. 

84.7. Basis of Payment.—Tne measured quantities, as provided above, 
shall be paid for at the contract unit prices bid for the several items, which 
prices shall be full compensation for furnishing, hauling, and placing all 
material, all labor, equipment, tools, and necessary incidentals. Such pay¬ 
ment shall constitute full payment for the completed structure ready for 
use. Whenever the construction of the new structures involves the removal 
or demolition of an exisiting structure, unless otherwise expressly prov'idei, 
such removal or demolition shall not be paid for directly, but shall be con¬ 
sidered a subsidiary work pertaining to excavation or to prescribed pay items 
involved in the work. 

Item 91. Cast-iron Pipe 

91.X. Description.—Under this item cast-iron pipe conforming to these 
specifications, of the sizes and dimensions shown on the plans, shall be 
furnished and placed as directed. 

pi.2. Materials.—Cast-iron pipe shall be of good quality, of the bell-and- 
spigot type, and all pipe shall be made of cast iron of such character as to 
be strong, tough, of even grain, and soft enough to admit of satisfactory 
drilling and cutting; the metal shall be made without any admixture of 
cinder iron and other inferior metal, and the surface of the pipe shall be free 
from scales, lumps, blisters and holes, and other defects impainng its strength 
or utility; it shall be solid, round and cast vertical. It shall be in sections 
not loss than 3' in length and with the inner and outer surfaces true con¬ 
centric cylinders. It may be plain, smooth, and straight cast-iron w’atcr 
pipe or it may be approved corrugated cast-iron or approved rib cast-iron 
euWert pipe. Corrugations, when present, shall have a pitch of not more 
than 3'' and a depth of not less than _ The pipe shall be heated to 
300°F. and coated inside and outside by dipping in coal-tar pitch or varnish. 

91.3. The pipe shall have a minimum thickness and weight as shown in 
the following tables, and no pipe shall be accepted the weight of which is 
more than 5 % less than the weights given: 


Inside Diameter. 
Inches 
12 
16 
18 

24 

30 

36 


Plain Cast-iron Pipe 
Minimum Thickness, 
Inches 



Weight per Foot. 
Pounds 


SO 

75 

85 

I 4 S 

180 

250 


Corrugated or Ribbed Cast-iron 


Inside Diameter, 
Inches 
16 
18 
24 
30 
36 


Minimum Thickness, 
Inches 



Pipe 


Weight per Foot, 
Pounds 
60 
6 S 
90 
IIS 
135 


91.4. The pipe shall have sufficient strength so that when tested with the 
three-point standard crushing test, as prescribed in the Bulletin 1216, it 
will snow a load-supporting capacity in pounds per linear foot of at least 
iSOoD, where D equals the inside diameter of the pipe in feet. 
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gx.s. Pipe weighing 5 % or more less than the required standard weight 
shall be rejected. 

91.6. Bach section of cast>iron pipe shall be coated inside and outside 
with coal-tar pitch varnish, to which sulhcient linseed oil has been added to 
make a smooth coat, tough and tenacious when cold, and with no tendency 
to scale off. 

91.7. Method of Measurement and Basis of Payment.—This item shall 
be paid for at the contract prices bid per linear foot of Cast-iron Pipe of 
the several sires measured complete in place, which prices shall be full com¬ 
pensation for furnishing, hauling, and installing the pipe, for preparation of 
bed and backfilling, and for all material, equipment, tools, labor, and inci¬ 
dentals necessary to complete the w'ork, but shall not be payment for excava¬ 
tion nor for concrete or masonry head walls. 

Item 93. Corrugated Galvanized Metal Pipe 

93.2. Description.—This item shall consist of furnishing and placing 
corrugated galvanized metal pipe conforming to these specifications. The 
pipe shall be furnished of the sires and dimensions required and shall be 
installed at such places as shown on the plans or as designated by the engi¬ 
neer in accordance with these specifications, and in conformity with the lines 
and grades given. 

93.3. Materials.—Corrugated metal pipe shall be fabricated from corrugated 
sheets, the base metal of which shall be made by the open-hearth process. 
The base metal in the finished sheets shall conform to the following cnemical 
requirements; 

The total amount of carbon, phosphorus, sulphur, manganese and silicon 
shall not exceed 0.7 %. If the total of these five elements equals or exceeds 
0 . 30 %, the metal shall contain not less than 0.17% of copper and not more 
than 0.06% of sulphur. If the total of these five elements is less than o.ao%, 
the presence of copper is optional and sulphur shall not exceed 0.04 %. 

Note. —A permissible variation of 0.04% will be allowed for total impuri¬ 
ties and 0.01 % for sulphur in analysis of finished sheet. 

93.3. Rivets,—All rivets shall be of the same material as the base metal 
specified for the corrugated sheets. They shall be thoroughly galvanized 
or sherardized. 

93.4. Weight Tolerance,—The average weight per square foot of the cul¬ 
vert sheets, as determined by weighing in lots not exceeding 6000 lb., shall 
not vary from the theoretical weight by more than 5 % either way for each 
lot of one gage or size. 

93.5. Spelter.—The base metal sheets .shall be uniformly galvanized on 
both sides by the hot process. A uniform coating of Prime Western Spelter 
shall be applied at the rate of not less than 2 oz. per square foot of metal. 
If the average spelter coating as determined from samples shows less than 3 
oz. of spelter per square foot of metal, or if any one sample shows less than 
1.8 oz. of spelter per square foot of metal, the shipment shall be rejected. 
Sheets having blister spots, holes, or other imperfections in the galvanizing 
after corrugating shall be rejected. 

93.6. Bidders shall state in the propiosal the typical chemical composition, 
brand of metal, trade name, and name of manufacturer of the material to ^ 
furnished. 

93.7. No metal shall be accepted under these specifications and no bids 
shall be considered for the materials above described until after the sheet 
manufacturer's certified analysis and manufacturer’s guarantee shall have 
been passed upon by the engineer and accepted. 

93.8. Misbranding, or otner misr^rc-sentation, and non-uniformity of 
product shall each be considered a sufficient reason to discontinue the accept¬ 
ance of any brand under these specifications, and the notice of discontinu¬ 
ance of any brand sent to the sheet manufacturer shall be considered to be 
notice to any culvert companies which handle that particular brand. 

93.9. The manufacturer of each brand shall file with the enfrineer a certifi¬ 
cate setting forth the name or brand of metal to be furnished and a typical 
analysis showing the percentage of each of the five above-mentioned chemical 
etementa. The certificate shall be sworn to for the manufacturing company 
by a person having legal authority to bind the company. 

93.20. The manufacturer of the sheets shall submit with the certified 
analysis a guarantee providing that all metal furnished shall conform to the 
certified analysis filed, shall bear a suitable identification brand or mark, 
and shall be r^laced without cost to the purchaser when not in conformity 
with the specified analysis, gage, or spelter coating, and the guarantee shall 
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be so worded as to remain in effect as long as the manufacturer continues to 
furnish material. 

ga.ix. No culverts shall be accepted unless the metal is identified by a 
stamp on each section showing: 

1. Name of sheet manufacturer. 

2. Name of brand. 

3. The gage. 

92.12. The identification brands shall be placed on the sheets by the manu- 
fas-turers of the sheets, in such a way that when rolled into culverts such 
identification shall appear on the outside of each section of each pipe. Pipe 
having any section not so stamped shall be promptly rejected. 

92.13. Laboratory tests shall follow the methods of the U. S. Department 
of Agnculture Bulletin 1216. The analysis made by the chemists or inspec¬ 
tion bureau designated or approved by the engineer shall be taken as final, but 
before any considerable shipment is rejected, a check analysis shall be made. 

92.14. If the engineer so elects, he may have the material inspected at the 
rolling mill or the culverts inspected in the shop where they are fabricated. 
He may require a chemical analysis from the mill for any heat and also a 

g hysical test of the properties of the metal taken from any heat, to be made 
y the mill. The inspection both at the mill and at the shop shall be made 
under the direction of the engineer. The engineer, or his representative, 
shall have free access to the mill or shop for inspection purposes, and every facil¬ 
ity shall be extended to him for this purpose. Any material or pipe 
included in aiw shipment which has been rejected at the mill or shop will be 
considered sufficient cause for the rejection of the entire shipment. 

92.15* All rivets shall be driven cold in such a manner that the plates 
shall be drawn tightly together throughout the entire lap. No rivet shall be 
closer than twice its diameter from the edge of the metal. All rivets shall 
have neat.workmanlike.and full hemispherical heads or heads of a form accept¬ 
able to the engineer, shall l>e driven without bending, and shall completely 
fill the hole. Longitudinal scams of 30 and 36" pipe shall be double riveted 
Circumferential shop-riveted seams shall have a maximum rivet spacing of 
6" and shall lap at least one full corrugation, except that six rivets will be 
sufficient in 12'' pipe. 

93.16. If a band is used for end finish, it shall be riveted around the end 
of the culvert with rivets at intervals of 10'^ or less. This band shall be of 
galvanized metal equivalent in cross-section to by i" for 16-gage metal, 
H by lyi” for 14-gage and 12-gage metal. 

Special Construction 

02.17. Shape.—Pipe furnished under these specifications shall be of the 
fufi-circlo riveted type, with lap-joint construction. 

92.18. Mialmum Sizes Admitted. —For farm-entrance crossings, the 
minimum diameter of pipe shall be 12". For roadway culverts, the minimum 
diameter TCrmitted shall be 15''. 

92.19. Dimensions and Weights. —The length of sheets and widths of lap 
shall be as shown in the following table. The dimension given in diameter 
fo^ipe is nominal. 

T^e gage of the uncoated metal and weight per foot of the finished culvert 
shall not be less than specified in the table. All gages given are United States 
Standard Gage (U. S. S. G.) and the maximum variation allowable in any 
sheet is 5 % either way from the theoretical weight. The total weight of any 
shipment of 100 sheets or more shall not underrun the theoretical weight by 
more than 3 %. 


Nomina] diameter, 
inches 

Minimum gage U. S. 
Standard, uncoated 
metal 

Weight per foot, finished 
culvert, pounds 

12 

16 

10.8 


16 

13.1 

18 

16 

IS .7 

31 

14 

33.6 

H 

14 

as .4 

30 

14 

31.9 

36 

13 

S 3.0 








SPECIFICATIONS 


1570 


93 . 30 . Net Length of Culvert Pipe.—The lenrth of culvert specified shall 
be the net length of the finished culvert, which does not include any material 
used to procure an end finish on the pipe. If the average deficiency in 
length of any shipment of pipe is greater than 1 %, the shipment shall be 
rejected. 

93.31. Lengths of Sections.—All pipe shall be furnished in the lengths 
ordered, except that pipe for culverts 26' or more in length may be furnished 
in sections not less than 12' in length. Where bands or couplings are 
required, a separate unit price shall be submitted for each size necessary; 
such price to cover material and installation. For small shipments involving 
less tnan carload lots, the above requirements may be modified by written 
authorization from the engineer. 

93.3a. Corrugations.—Corrugations shall be not less than 2^ nor more 
than center to center. The corrugations shall have a depth of not less 

than h". 

f f2.23. Field joints shall be made with bands of the same material as the 
vert, and shall be not less than 7 h" wide, so constructed as to lap an 
equal portion of each of the culvert sections to bfe connected. Such bands 
shall be connected at the ends by angles having minimum dimensions of 
1^4 by I by and of length equal to full width of band, or by other 
approved connections of suitable strength. Each connection shall be fas¬ 
tened by at least two bolts not less than in diameter. All such connec¬ 
tions shall be ^made of galvanized metal of the same quality as the base 
metal in the culvert. 

93.24* It is the essence of these specifications that, in addition to com¬ 
pliance with the details of construction, the completed pipe shall show care¬ 
ful, finished workmanship in all particulars. 

93.3$. Culvert pipe on which the spelter coating has been bruised or broken 
either in the shop or in shipping, or which shows defective workmanship, 
shall be rejected. This requirement shall apply not only to the individual 
pipe but to the shipment on any contract as a whole. Among others, the 
following defects are specified as constituting poor workmanship, and the 
presence of any or all of them in anv individual culvert pipe or, in general, 
in any shipment, shall constitute sufficient cause for rejection: 

Uneven laps. 

Elliptical shaping. 

Variation from a straight center line. 

Ragged or diagonal sheared edges. 

Loose, unevenly lined or spaced rivets. 

Poorly formed rivet heads. 

Unfinished ends. 

Illegible brands. 

Lack of rigidity. 

Bruised, scaled or broken spelter coating. 

Dents or bends in the metal itself. 

93.36. The field insi>cction shall be made by the engineer, who shall be 
furnished by the contractor with an itemized statement of the sizes and 
lengths of culvert pipe in each shipment. This inspection shall include an 
examination of the culvert pipe for deficiencies in lengths of sheets used, 
nominal specified diameter, net length of finished culvert pipe, and any 
evidence of poor workmanship as outlined above. The inspection may 
include the taking of samples for chemical analysis and determination of 
weight of spelter coating. The in.spcction shall be made promptly upon 
notification by the contractor of the arrival of the material. 

93.37. T^epipe making up the shipment shall fully meet the requirements 
of these specincations. and if SO % of the pipe in any shipment fails to meet 
these requirements, the entire shipment may be rejected. 

93.3B. When samples are taken for chemical analysis and determination 
of weight of spelter coating, at lca.st one sample from which a specimen 2 ^'' 
square may be prepared shall be selected from each ten culverts of a shipment, 
and not less than three samples shall represent any one shipment. 

93.39. The pipe shall be laid in the trench with the separate sections firmly 
joined together and with outside laps of circumferential joints pointing 
up stream and with longitudinal laps on the sides. Any metal in joints 
which is not thoroui^hly protected by galvanizing shall be coated with a 
suitable asphaltum paint. 

93.30. Method of Measurement and Basis of Payment.—This item shall 
be paid for at the contract prices bid per linear foot of Corrugated Galvanised 
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Metal Pipe of the several sizes measured complete in place, which price shall 
be full compensation for furnishing, hauling, and installing the pipe, for 
preparation of bed and backfilling, and for all material, equipment, tools, 
labor, and incidentals, but shall not be payment for ezcavation nor for 
concrete or masonry headwall. 

Item 93. Vitrified Clay Pipe 

93.x. Description.—Under this item vitrified clay pipe conforming to these 
specifications, of the sizes and dimensions shown on the plans, shall be 
furnished and placed as directed. 

93.3. Materials and Manufacture.—Vitrified clay pipe shall be of the hub- 
and spigot type, of first quality, sound, thoroughly and perfectly burned, 
without warps, cracks, or other imperfections, and shall be fully and smoothly 
glazed over the entire inner and outer surfaces, except that the inside of the 
hub and the outside of the spigot may be unglazed for two-thirds of the depth 
of the hub. On all other portions of the pipe, the glazing shall completely 
cover and form an integral part (jf the pipe body. If glazed, the inside of 
the hub and the outside of the spigot shall be scored in three parallel lines 
extending completely around the circumference. This pipe shall be manu¬ 
factured of a suitable temperature to secure a tough, vitreous material 
which, when broken, shall show a tense and solid body, without detrimental 
cracks or laminations. It shall be of such toughness that it may be cut with 
a chisel and hammer, and when struck with a hammer shall give a metallic 
ring. 

93-3- T^® P'P® shall have sufficient strength so that when tested with the 
three-point standard crushing test, as prescribed in the U. S. Department of 
Agriculture Bulletin 1216, it will show a load-supporting capacity in pounds 
per linear foot of at least isooD, where D equals the inside diameter of the 
pipe in feet. 

93.4. The minimum length of sections, thickness, and the depth of hub 
shall be as follows; 


Size, inches 

Minimum length, 
feet 

Thickness, 

inches 

Depth of hub, 
inches 

13 

3 

I 

3 

15 

3 


3 

18 

2 


3^ 

30 

2 


M 

33 

3 

iH 

3 H 

34 

3 

2 

4 

27 

2 H 


4 

30 

2 Vi 

2 V? 

4 

33 

2 Vi 

2 H 

S 

36 

2 Vi 


5 

42 

2 >i 

3 H 

S 


M.j. Method of Measurement and Basis of Payment.—This item shall be 
paid tor at the contract prices bid per linear foot of Vitrified Clay Pipe of 
the several sizes measured complete in place, which prices shall be full com¬ 
pensation for furnishing, hauling, and installing the pipe, for preparation of 
bed and backfilling, and for all material, equipment, tools, labor, and 
incidentals necessary to complete the work, but shall not be payment for 
excavation or for concrete or masonry headwalls. 

Item 94. Relaying Culvert Pipe 

94.1. Description. —This item shall consist of the careful removal and 
preserving of pipe from existing pipe culverts as ordered and relaying the 
same as shown on the plans or as designated by the enmneer in accoraaiice 
with these specifications for the type of pipe involved and in conformity 
with the lines and grades given. 

94.3. Method of Measurement. —This item shall be measured by the 
actual number of linear feet of pipe complete in place as required. 

94.x. Basis of Payment. —This item mcasurecl as provided above shall be 
paia for at the contract unit price bid per linear foot for Relaying Culvert 
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SPECIFICATIONS 


Pipe 18" diameter and under or Relaying Culvert Pipe over diameter, 
as the case may be, which price shall be full compensation for the removal, 
preservation, and relaying of the pipe, all new material necessary except 
pipe, all labor, equipment, tools, and incidentals necessary to complete the 
work, but shall not be payment for excavation, nor for concrete or masonry 
headwalls. 

Item loi. Sodding 

xoi.i. Description.—This item shall consist of providing and planting 
approved live sod on earth slopes or shoulders, when and as directed for 
protection against erosion. 

loz.a. The sods shall be of suitable size, variety, and character for the 
purpose selected and for the soil upon which they are to be planted, for 
vigorous and hardy growth, and approved by the engineer. 

10X.3. On embankments constructed on soil which is easily eroded or on 
sections subject to overflow, and where climatic conditions are favorable to 
the easy rooting of Bermuda Grass, Rescue Grass, Bur Clover, or Japanese 
Clover and if in the opinion of the engineer it is necessary, the contractor shall 
provide and plant as directed, such sods, or tufts of some suitable grass. 

IOX.4. Where sodding is to be done, tufts of suitable grass shall be placed 
on slope just underneath the shoulder line so as to form one continuous strip 
of turi 3'' wide and on remainder of slope and upon shoulders similar tufts 
of grass about 3'' in diameter shall l)e spaced approximately 1 2" center to 
center in rows. Sodding shall be done at such times as the engineer may 
direct and in such manner that the grass will at once take root. 

X01.5. Basis of Payment. —Sodding completed and accepted by the 
engineer will be paid for at the contract unit price bid per too lin. ft. of 
roadway sodded on both sides to the width required by the engineer, which 
price shall be full compensation for furnishing and planting the sod. all 
labor, equipment, tools, and incidentals necessary to complete the work. 
The average width of sodding for the unit price bid shall be construed to 
mean an average width of not over 30'. 
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GENERAL TABLES AND FORMXJL-® 

Conversion Tabu: 

Linear Units 

Old Surveyors^ Units 
I link = 7.92 in. 

100 links == I chain = 66 ft. 

25 links = I rod = 16.5 ft. 


Square Units 


Volume Units 


Weight Units 


Ordinary Measure 
12 in. = I ft. 

3 ft. = 1 yd. 

5280 ft. ~ I mile 

I sq. ft. — 144 sq. in. 

I sq. yd. = 9 S(j. ft. 

= 1296 sq. in. 

I acre = 43,5f>o sq. ft. 

= 4840 sq. yds. 

I sq. mile - 27,878,400 sq. ft. 

— 3,097,600 sq. yds. 

— 640 acres 

I cu. ft. 1728 cu. in. 

~ 7.4805 ordinary gal. 
= 6.232 Imperial gal. 

I cu. yd. = 27 cu. ft. 

— 4^,656 cu. in. 

I ordinary gal. •= 231 cu. in. 

I Imperial gal. = 277 cu. in. 

I barrel = 31.5 gal. 

~ 4.21 cu. ft. 

i pound — 16 ounces 

I ordinary ton — 2000 pounds 
1 long ton = 2240 pounds 


Temperature Units 

Freezing point of water 32° Fahrenheit 

= 0° Centigrade 

Boiling point of water at normal air 

pressure =212® Fahrenheit 

= 100® Centigrade 

i degree Fahrenheit >= 0.5556 degree Centigrade 

I degree Centigrade « 1.8 degrees Fahrenheit 


*573 
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T\ble op Equivalents of Inches and Fractions of Inches in 
Decim-als of a Foot 


In. 

01.. 


3 In. 

3 la. 

4 In. 

s In. 



•0833 

.1667 

.2500 

•3333 

.4167 

A 

.0026 

.0859 

.1693 

.2526 

•3359 

4*93 

A 

.0052 

.0885 

.1719 

•2552 

•3.5SS 

4219 


.0078 

.0911 

•1745 

•2 57‘^ 

•3411 

4245 

i 

.0104 

.0938 

.1771 

.2604 

•3438 

4271 

A 

.0130 

.o <)64 

.1707 

.2630 

•34^)4 

4297 

A 

.0156 

,0<)<)0 

•iS-3 

.26:56 

•3490 

4323 


.0182 

.1016 

.1849 

.2^)82 

•35'6 

4349 

i 

X>2o8 

.1042 


.2 708 

•3542 

4375 


.0234 

.loGS 

.1901 

•2734 

.35^)8 

4401 


.0260 

.1094 

.1927 

.27^)0 

•35^4 

4427 

H 

,0286 

.1120 

*1953 

.2786 

.3620 

4453 

i 

-0313 

.1146 

.1979 

.2813 

•364'> i 

•4479 

i! 

•0339 

.1172 1 

.2005 

•2839 

•3<>7-’ 

•4505 

f? 

•0365 

.1198 

.2031 

.2S65 

.36(78 

453* 

li 

•0391 

.1224 

.2057 

.2891 

.3724 

4557 

1 

i 

.0417 

•1253 

.2083 

.2917 

•3750 

1 

4583 

ii 

•0443 

,1276 

.2091 

♦2943 

•377'> 

4609 

A 

.0469 

.1-502 ' 

.2135 ' 

.2969 

.3802 

463s 

il 

.0495 

.132B 

.2161 

•2995 

.3828 

4661 

1 

•0521 

•1354 

.2188 

.3021 

•3854 

4688 

f 

•0547 

.1380 

.2214 

•3^47 

.3880 

47*4 

1 

•0573 

,1406 

.2240 

•3073 

.3906 

4740 


•0599 

.1432 

.2266 

•3099 

•3932 

4766 

i 

•0625 

.1458 

.2292 

•3125 

•3958 

4792 

fl 

•0651 

.1484 

.2318 

•3151 

•39S4 

4818 

M 

^77 

.1510 

•2344 

•3*77 

^OIO 

4844 

a 

•0703 

•1536 

•2370 

•3203 

4036 

4870 

1 

•0729 

•1563 

.2396 

.3229 

4063 

.4896 

fl 

•0755 

.1589 

.2422 

•3255 

4089 

4922 

tI 

-0781 

.1615 

.2448 

.3281 

•4115 

4948 


•0807 

i 

•1641 

.2474 

•3307 

4141 

4974 
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Equivalents of Inches and Fractions of Inches in Decimals 
OP A Foot 


In. 

6 In. 

7 In. 

8 In. 

9 In. 

10 In. 1 

I 

II In. 


.5000 

•5833 

.6667 

.7500 

•8333 

.9167 

A 

.5026 

•5859 

.66<73 

.7326 

•8359 

•9193 

A 

•5052 

•5883 

.6719 

•7552 

■8385 

.9219 

A 

.5078 

•5911 

.6745 

•7378 

.8411 

•9245 

i 

•5 >04 

■3938 

.6771 

.7604 

.8438 

•9271 

A 

•S»3o 

•3994 

.6797 

.7630 

.8464 

.9297 

■ft 

•5156 

.5990 

.6823 

.7656 

.8490 

•9323 

ft 

.5182 

.6016 

.6849 1 

.7682 

.8516 

•9349 

i 

.5208 

.6042 

.6875 

.7708 

.8542 

4137s 

A 

•5234 

.()o68 

.6()oi 

•7734 

.8568 . 

.9401 


.5260 

.6094 

Xx)2’J 

.7760 

.8594 

.9427 


.5286 

,6120 

•6933 

.7786 

.8620 

•9453 

i 

•5313 

.6146 

.6()79 

•7S13 

.8646 

•9479 

a 

•5339 

.6172 

•7005 j 

; -7839 

.8672 

.9503 


•5363 

.6198 

•7031 1 

.7865 

.8698 

•9531 

il 

•5391 

.6224 

•7057 I 

•7891 

.8724 

.9337 

i 

•5417 

,6250 

1 

.7083 

.7917 

.8750 

.9383 

ii 

•5443 

.6276 

.7109 

•7943 

.8776 

.9609 

A 

•5469 

.6302 

•7135 

.7969 

.8802 

•9635 


•5495 

.6328 

.7161 

•7995 

.8828 

.9661 

i 

•5521 

•6354 

.7188 

.8021 

.8854 

j) 6 SS 


•5547 

.6380 

.7214 

.8047 

.8880 

•9714 


•5573 

.6406 

.7240 

.8073 

.8906 

.9740 

il 

•5599 

.6432 

.7266 

.8099 

•8932 

^766 

} 

•5625 

.6458 

.7292 

.8125 

.8938 

•9792 


i -5651 

.6484 

•7318 

.8151 

.8984 

^818 

ll 

•5677 

.6510 

•7344 

•8177 

.9010 

•9844 

il 

1 -5703 

•6339 

•7370 

•8203 

.9036 

41870 

1 

•5729 

•6363 

•7396 

J^22g 

.9063 

.9896 

II 

t -5755 

.6589 

.7422 

•8>53 

^089 

^22 

1 

.5781 

.6615 

.7448 

.8281 

•91IS 

.9948 

I 

[ -58^7 

.6641 

•7474 

•8307 

•9141 

•9974 
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Cones and Pyramids^ whether right .or oblique, regular or irreg¬ 
ular. 

Volume = i area of the base X height perpendicular to the 
plane of the base 



Frustums of Pyramids or Cones, whether right or oblique, reg¬ 
ular or irregular provided the base and top are parallel. 



Volume = \ perpendicular /area , area , [area area\ 

height between base and top \top base ' \ top ^ base j 

or by the prisnioidal formula 

Volume / 4 Xarea of section par-\ 

= J perpendicular height X (‘ 4 -|^^-fallcl to and midway) 
between base and top \ ^ between base and top ' 


Prismoiilal For inula 

Trautwinc defines a prismoid as a solid having for its ends 
two parallel plane figures connected by other plane figures on 
which and through every point of which a straight line may be 
drawn from one of the two parallel ends to the other. These 
connecting planes may be parallelograms or not and parallel to 
each other or not. This includes cubes, all parallelopipeds, 
prisms, cylinders, pyramids, cones, and their frustums, provided 
the top and base arc jiarahcd and wedges. 

The prismoidal formula applies to all these solids either alone 
or to any form that can be separated into units of the above 
forms. 

Prismoidal jormuhr 

Volume «= A X- -- 

0 

h “ perpendicular distance between the parallel ends 
A “ area of one of the parallel ends 
a ■=« area of the other parallel end 
M area of a cross-section midway between and parallel to 
the two parallel ends 

Sphere 

Volume **" 4 »r iJ* 4.1888 

\n D* ^ 0-5 23 f) IP 
In which R « radius of sphere 

D — diameter of sphere 
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Table of Trigonometric Functions and the Solution of 
Trl\ngles 


In the accompanying figure the trig¬ 
onometric functions of the angle A 
between the lines B A and A C are 
as follows; 

sin A = B C 
cos A = A C 
tan A = E F 
cot A = G n 
sec A - A E 
cosec .1 = A II 
ex-sec A — B E 

In the right-angled triangle ABC 
let a equal the side B C opposite the 



angle A; let b equal the side A C opposite the angle B; let c 


equal A the side opposite the angle C. 


Let C = 90° 

The following formulae apply to right-angled triangles: 


Angles. i4 -f -5 4* C = 180° Sides, a —c sin A ^ b tan A 
/I -j- B = 90° a — \/ (c b) {c — bj 

.1 = 90° - B ^ 

B - 90'’ — A b = ccos. A =- 

tan A 



Oblique Triangles. 

Note. Where an angle Is 
more than 90® its sine, cosine, 
and tangent arc equal to that 
of the angle (180° — the angle 
in question); that is, if the sine 
of 120^ is desired take the sine 
of (180® ~ 120®) 60®. 
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Given 

Desired 

Formulae 

A, B, a 


C — 180 — -f B); b =-r^ * sin B 

sin A 

a . / < 1 I- a^j^in^sinC 

f . sin Cl 4 - ^); A = . 

sin A 2 sin i 4 

A, a, b 

20^ 

sin /J= b; r = i8o°- (^ + B) 

a 

a . ^ 

r = -; sin C 

sin A 

Two solutions arc possible with B' as an acute angle 
and B as an obtuse angle 

C, a, b 

i 

1 

1 

i {A^B) 

i(A-B) 

A B 

c 

K 

J (.l+B) = 90“ - 5 C 

tan i (-4 -«) = -‘^4 tan 1 W + B) 

a 0 

^ - i (.1+ 5 ) + J (.1 - B) 
B-\{A+B) - UA- B) 

^ Sin J (A - B) 

K ^ i ab sin C 

a, bf c 

1 

B 

In the following formula 5 = J (a -+• ^ + r) 
sin 1 B -i/ (■' - 

Y <2^ 

• n 2 ■>/ s(s — a) (s - b) (s - f) 

sin B *“- 

ac 


b) (s - c) 
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Table op Squares, Cubes, Square Roots, Cube Roots, Cir¬ 
cumferences AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

I 

I 

I 

1.0000 

1.0000 

3**42 

0.7854 

2 

4 

8 

14142 

1-2599 

6.283 

3.1416 

3 

9 

27 

1.7321 

14422 

9425 

7.0686 

4 

16 

64 

2.0000 

1-5874 

12.566 

12.5664 

5 

25 

125 

2.2361 

I.7100 

15-708 

19-6350 

6 

36 

216 

24495 

1.8171 

1S.850 

28.2743 

7 

49 

343 

2.6458 

1.91 29 

2 I .99 1 

38.4845 

8 

64 

512 

2.8284 

2.0000 

25-133 

50.2655 

9 

81 

729 

3.0000 

2.080 r 

28.274 

63-6173 

10 

100 

1000 

3-»623 

2.1544 

31416 

78-5398 

II 

121 

1331 

3-3 >66 

2.2240 

34.558 

95-033 

12 

144 

1728 

34641 

2.2894 

37-699 

**3*097 

13 

169 

2197 

3.6056 

*- 35>3 

40.841 

132.732 

14 

196 

2744 

3-7417 

24IOI 

43.982 

*53-938 

15 

225 

3375 

3-8730 

24662 

47.124 

176.715 

16 

256 

4096 

4.0000 

2.5198 

50.265 

201.062 

17 

289 

4913 

4-1231 

2.5713 

53*407 

226.980 

18 

324 

5832 

4.2426 

2.6207 

56.549 

254.469 

19 

361 

6859 

4-3589 

2.6684 

59.690 

283.529 

20 

400 

8000 

44721 

2-7144 

62.832 

3 * 4-159 

21 

441 

9261 

4.5826 

*•7589 

65-973 

346.361 

22 

484 

10648 

4 . 6 <;o 4 

2.8020 

69.115 

380.133 

23 

529 

12167 

4.795^ 

2.8439 

7*-*57 

415476 

24 

576 

13824 

4.8090 

*-8845 

7 5 -.398 

452.389 

25 

625 

15625 

5.0000 

2.9240 

78.540 

490.874 

26 

676 

17576 

5.0990 

2.9625 

81 .681 

530-929 

27 

729 

19683 

5.1962 

3.0000 

84.823 

572.555 

28 

784 

21952 

5 - 29 f 5 

3.0366 

87.965 

615.752 

29 

841 

243^ 

5-385* 

3*0723 

91.106 

660.520 

30 

900 

27000 

s-477* 

3.1072 

94.248 

706.858 

31 

961 

29791 

5-5678 

3 -MT 4 

97*389 

754-768 

32 

1024 

32768 

5-6569 

3*1748 

100.53 I 

804.248 

33 

1089 

35937 

s-7446 

3*2075 

*03.673 

855-299 

34 

1156 

39304 

! 5.8310 

3*2396 

106.814 

907.920 

35 

1225 

4287s 

5.9161 

3.2711 

109-956 

962.113 

36 

1 

1296 

46656 

6.0000 

3*30*9 

”3-097 

1017.88 

37 

1369 

50653 

6x^828 

3*3322 

116.239 

1075.21 

38 

1444 

54872 

6.1644 1 

3.3620 

119-381 

1134*** 

39 

1521 

593>9 

6.2450 

3 * 39*2 

122.522 

1 * 94-59 

40 

1600 

64000 

6.3246 

34200 

125.660 

1256.64 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

41 

1681 

68921 

64031 

34482 

128.81 

1320.25 

42 

1764 

74088 

6.4807 

34760 

13 *. 9 S 

138344 

43 

1849 

79507 

6.5574 

3.5034 

i 35.°9 

1452.20 

44 

1936 

85184 

6.6332 

3*5303 

*38.23 

1520.53 

45 

2025 

91125 

6.7082 

3.5569 

14 *.37 

1590.43 

46 

21x6 

97336 

6.7823 

3.5830 

144.51 

1661.90 

47 

2209 

103823 

6.8557 

3.6088 

*47.65 

*734.94 

48 

2304 

110592 

6.9282 

3*6342 

150.80 

1809.56 

49 

2401 

117649 

7.0000 

3 . 6 s 93 

153*94 

1885.74 

50 

2500 

125000 

7.07** 

3.6840 

157.08 

1963.50 

51 

2601 

132651 

7.1414 

3.7084 

160.22 

2042.82 

52 

2704 

140608 

7.21 II 

3.7325 

163.36 

2123.72 

53 

2809 

148877 

7.2801 

3.7563 

166.50 

2206.18 

54 

2916 

157464 

7.3485 

3.7798 

169.65 

2290.22 

55 

3025 

16637s 

74162 

3.8030 

172.79 

2375-83 

56 

3136 

175616 

74833 

3.8259 

175.93 

2463.01 

57 

3249 

185193 

7.5498 

3.8485 

179.07 

2551-76 

58 

3364 

195112 

7.6158 

3.8709 

182.21 

2642.08 

59 

3481 

205379 

7.6811 

3*^30 

185.3s 

2733.97 

60 

3600 

216000 

7.7460 

3 * 9 M 9 

188.50 

282743 

61 

3721 

226981 

7.8102 

3*9365 

191.64 

2922.47 

62 

3844 

238328 

7.8740 

3*9579 

194.78 

3019.07 

63 

3969 

250047 

7-9373 

3*9791 

197.92 

3117.25 

64 

4096 

262144 

8.0000 

4.0000 

201.06 

3216.99 

65 

4225 

274625 

8.0623 

4.0207 

204.20 

3318.31 

66 

4356 

287496 

8.1240 

4.0412 

207.35 

3421.19 

67 

4489 

300763 

8.1854 

4.0615 

210.49 

3525*65 

68 

4624 

3*4432 

8.2462 

4.0817 

2*3.63 

3631.68 

69 

4761 

328509 

8.3066 

4.1016 

216.77 

3739*28 

70 

4900 

343000 

8.3666 

4.1213 

219.91 

384845 

71 

5 ° 4 I 

3579 ** 

84261 

4.1408 

223.05 

3959*19 

72 

S '84 

373248 

8-»853 

4.1^2 

226.19 

4071.50 

73 

5329 

3890*7 

8.5440 

4*1793 

229.34 

4185.39 

74 

3476 

405224 

8.6023 

4.1983 

23248 

4300.84 

75 

5625 

421875 

8.6603 

4.2172 

235.62 

4417.86 

76 

5776 

438976 

8.7178 

4.2358 

238.76 

4536.46 


3929 

456533 

f-P 50 

4.2543 

241.90 

4656.63 


6084 

47455 * 

8.8318 

4.2727 

245.04 

4778.36 


6241 

493039 

8.8S8a 

4.2908 

248.19. 

4901.67 

io 

64cx> 

512000 

8 w 3 

4.3089 

251-33 

5026.55 



1582 GENER.\L TABLES 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Rcx^ 

Cube Root 

Circle 

Circum. 

Area 

8t 

6561 

S31441 

9.0000 

4-3267 

254.47 

5153-00 

82 

6724 

S513<^8 

9-0554 

4-3445 

257.61 

5281.02 

8.^ 

6889 

571787 

9.1104 

4.3621 

260.75 

5410.61 

84 

7056 

592704 

9.1632 

4-3795 

263.89 

5541-77 

8S 

7225 

614125 

9-2195 

4.3968 

267.04 

5674-50 

86 

7396 

6 ;? 6 o 56 

9-2736 

4.4140 

00 

6 

a 

5808.80 

87 

7369 

658503 

9-3274 

44310 

273.32 

5944.68 

88 

7744 

681472 

9.3808 

44480 

276.46 

6082.12 

89 

7921 

704969 

94340 

44647 

279.60 

6221 .14 

90 

8100 

729000 

948^ 

44814 

282.74 

6361.73 

91 

8281 

753571 

9-5394 

4.4979 

285.88 

6503.88 

92 

8464 

778688 

9-5917 

4-5144 

289.03 

6647.61 

93 

8649 

804357 

9-6437 

4-5307 

292.17 

6792.91 

94 

8836 

8305^4 

9-6<)54 

4.5468 

295-31 

69,39-78 

95 

902s 

857375 

1 9.7468 

4.5629 

298.45 

7088.22 

96 

9216 

884736 

9.7980 

4-5789 

301-59 

7238.23 

97 

9409 

912673 

9.8489 

4-5947 

304-73 

7389.81 

98 

9604 

941192 

9.8995 

4.6104 

307.88 

7542.96 

99 

9801 

970299 

9.9499 

4.6261 

311.02 

7697.69 

100 

! lOOOO 

lOOOOOO 

10.0000 

4.6416 

314.16 

7853-98 

lOI 

I020I 

I 030301 

10.0499 

4.6570 

317-.30 

8011.85 

102 

10404 

1061208 

10.0995 

4.6723 

320.44 

8171.28 

103 

10609 

1092727 

10.1489 ^ 

4.6875 

323-58 

8332-29 

104 

I0816 

1124864 

10.1980 

4.7027 

326.73 

8494.87 

105 

11025 

”57625 

10.2470 

4-7177 

329-87 

8659.01 

106 

11236 

II9IOI6 

10.2956 

4-7326 

333-01 

8824.73 

107 

11449 

1225043 

10.3441 

4-7475 

336.15 

8992.02 

108 

11664 

1259712 

10.3923 

4.7622 

339-29 

9160.88 

109 

II881 

1295029 

10.4403 

4-7769 

34243 

9331-32 

110 

I2IOO 

I33IOOO 

10.4881 

4.7914 

345-58 

9503-32 

III 

I232I 

1367631 

10-5357 

4.8039 

348.72 

9676.89 

112 

12544 

1404928 

10.5830 

4.8203 

351.86 

9852.03 

”3 

12769 

1442897 

10.6301 

4.8346 

355-00 

10028.7 

114 

12996 

1481544 

10.6771 

4.8488 

358.14 

10207.0 

IIS 

13225 

15*0875 

10.7238 

4.8629 

361.28 

10386.9 

116 

13456 

1560896 

10.7703 

4.8770 

36442 

10568.3 

117 

13689 

1601613 

10.8167 

4.8910 

367.57 

10751-3 

118 

13924 

1643033 

I0.8628 

4.9049 

370-71 

10935-9 

119 

14161 

1685159 

10.9087 

44)187 

373-85 

11122.0 

120 

14400 

17280^ 

10-9545 

4.9324 

376.99 

11309-7 




SQUARES—CUBES 1583 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root ' 

Cube Root 

Circle 

Circum. } 

Area 

X 2 X 

14641 

1771561 

11.0000 

4.9461 

380.13 

II 499.0 

122 

14884 

1815848 

11.0454 

4-9597 

383-27 

11689.9 

123 

15129 

1860867 

11.0905 

4*9732 

386.42 

11882.3 

124 

15376 

1906624 

II-I 355 

4.9866 

389-56 

12076.3 

125 

15625 

1953123 

11.1803 

5.0000 

392.70 

12271.8 

126 

15876 

2000376 

11.2250 

5*0133 

395-84 

12469.0 

127 

16129 

2048383 

11.2694 

5.0265 

398.98 

12667.7 

128 

16384 

2097152 

ii- 3>37 

5*0397 

402.12 

12868.0 

129 

16641 

21466^ 

11-3578 

5-05 28 

405*27 

13069.8 

130 

16900 

2197000 

114018 

5*0658 

40841 

13273-2 

131 

17161 

2248091 

11*4455 

5.0788 

411*55 

13478.2 

132 

17424 

2299968 

11.4891 

5.0916 

414.69 

13684.8 

133 

17689 

2352637 

11*5326 

S-1045 

417-83 

13892.9 

134 

17956 

2406104 

11-5758 

S-1174 

420.97 

14102.6 

135 

18225 

2460375 

I r.6190 

5*1299 

424.12 

M 3 i 3*9 

136 

18496 

2513456 

11.6619 

5 - 14*6 

427.26 

M526.7 

137 

18769 

2571353 

11.7047 

5*1551 

43040 

14741.1 

138 

19044 

2628072 

11*7473 

5.1676 

433*54 

M 957 *i 

139 

19321 

2685619 

11.7898 

5.1801 

436.68 

15174.7 

140 

19600 

2744000 

11.8322 

5*1925 

439-82 

15393-8 

I4I 

19881 

2803221 

11.8743 

5.2048 

442.96 

15614-5 

142 

20164 

2863288 

11.9164 

5*2171 

446.11 

15836.8 

M 3 

20449 

2924207 

11-9583 

5*2293 

449*25 

16060.6 

144 

20736 

2985984 

12.0000 

5*2415 

452*39 

16286.0 

MS 

21025 

3048625 

12.0416 

S-*S 36 

455*53 

16513.0 

146 1 

21316 

3112136 

12.0830 

5-2656 

458.67 

16741.5 

147 ' 

21609 

3176523 

12.1244 

5-2776 

461.81 

16971.7 

148 

21Q04 

3241792 

12.1655 

5.2896 

464.96 

17203.4 

M 9 

22201 

3307949 

12.2066 

5-3015 

468.10 

17436.6 

150 

22500 

3375000 

12.2474 

5-3133 

471*24 

17671*5 

151 

22801 

3442951 

12.2882 

5 -3251 

474-38 

17907.9 

152 

23104 

3511808 

12.3288 

5-3368 

477-52 

18145.8 

153 

23409 

3581577 

12.3693 

5-3485 

480.66 

18385.4 

154 

33716 

3652264 

12,4097 

5-3601 

483.81 

18626.5 

15s 

24025 

372387s 

12.4499 

5-3717 

486.9s 

18869.2 

156 

24336 

3796416 

124900 

5-3832 

490.09 

I9II3.4 


24649 

3869893 

X 2.5300 

5-3947 

493-23 

19359.3 

15^ 

24964 

3944312 

12.5698 

5.4061 

496-37 

19606.7 

159 

25281 

4019679 

12.6095 


499 -SI 

19855-7 

160 

25600 

4096000 

12.6491 

54288 

502.65 

20106.2 



1584 GENERAL TABLES 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

161 

25921 

4173281 

1 2.6886 

5-4401 

505-80 

*0358.3 

162 

26244 

4251528 

12.7279 

54514 

508.94 

20612.0 

163 

26569 

4330747 

12.7671 

54626 

512.08 

20867.2 

164 

26896 

4410944 

12.8062 

54737 

S>5-2* 

21124.1 

165 

27225 

4492125 

12.8452 

54848 

5 >8.36 

*>382.5 

166 

27556 

4574296 

12.8841 

54959 

5*1-.50 

21642.4 

167 

27889 

4657463 

12.922S 

5-5069 

524-65 

21904.0 

168 

28224 

4741632 

12.9615 

5-5178 

5*7-79 

22167.1 

169 

28561 

4826809 

13.0000 

5-5*88 

53°-93 

22431.8 

170 

28900 

4913000 

13.0384 

5-5397 

534-07 

22698.0 

171 

29241 

5000211 

13*0767 

5-5505 

537-21 

22965.8 

172 

29584 

5088148 

13.1149 

5-5613 

540.35 

23235*2 

173 

29929 

5177717 

13*1529 

5-57*1 

543-50 

23506.2 

174 

30276 

5268024 

13.1909 

5-58*8 

546.64 

*3778-7 

17s 

30625 

5359375 

13.2288 

5-5934 

549-78 

24052.8 

176 

3<^76 

5451776 

13.2665 

5.6041 

S5*-9* 

24328.5 

177 

31329 

5545233 

13*3041 

5-6147 

556.06 

24605.7 

178 

31684 

5639752 

13*3417 

5-6*5* 

559-20 

24884.6 

>79 

32041 

5735339 

13*3701 

5-6357 

562.35 

25164.9 

180 

32400 

5832000 

134164 

5-6462 

56549 

25446.9 

I8I 

32761 

5929741 

>3-4536 

5-6567 

568.63 

257304 

182 

33124 

6028568 

134907 

5-6671 

57>-77 

26015.5 


33489 

6128487 

>3-5*77 

5-6774 

574 •9> 

26302.2 

184 

33856 

6229504 

13-5647 

5-6877 

578.05 

265904 

185 

34225 

6331625 

>3-6015 

5.6980 

581.19 

26^.3 

186 

34596 

6434856 

>3.6382 

5-7083 

584-34 

27171.6 

187 

34969 

6539203 

13-6748 

5-7>85 

587.48 

27464.6 

188 

35344 

6644672 

>3-7>>3 

5-7*87 

590.6a 

27759*1 

189 

35721 

6751269 

>3-7477 

5-7388 

593-76 

28055.2 

190 

36100 

6859000 

15-7840 

5-7489 

596-90 

28352.9 

I9I 

36481 

6967871 

>3-8203 

5-7.590 

600.04 

28652.1 

192 

36864 

7077888 

>3.8564 

5.7690 

603.19 

28952.9 

193 

37*49 

7189057 

13-89*4 

5-7790 

606.33 

29255*3 

194 

37636 

7301384 

13-9*84 

5-7890 

60947 

29559*2 

195 

380*5 

741437s 

13-964* 

5-7989 

612.61 

29864.8 

196 

38416 

7529536 

14.0000 

5.8088 

615.75 

30171.9 

197 

38809 

7645373 

14-0357 

5.8186 

618.89 

30480.5 

198 

39*04 

7762392 

i4X)7i2 

5-8*85 

622.04 

30790.7 

199 

39601 

7880599 

14.1067 

5-5383 

625.18 

31102.6 

900 

40000 

8000000 

i I 4 -I 4 ax 

5*3480 

628.33 

31415*9 





SQUARES—CUBES 1585 


Squares, Cubes, Square Roots, Cube Roots, Circumperences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Rootj 

Circle 

Circum. 

Area 

201 

40401 

8120601 

14.1774 

5-8578 

631.46 

3 ' 730-9 

202 

40804 

8242408 

14.2127 

5-8675 

634.60 

320474 

203 

41200 

8365427 

14.2478 

5*^771 

637-74 

32365.5 

204 

41616 

8489664 

14.2829 

5.8868 

640.89 

32685.1 

205 

42025 

8615125 

14.317S 

5.8964 

644*03 

33006.4 

206 

42436 

8741816 

14-3527 

5*9059 

647.17 

33329*2 

207 

42849 

88(^743 

14-3875 

5-9155 

630.31 

33653-5 

208 

43264 

8998912 

14.4222 

5-9250 

653-45 

33979*5 

209 

436S1 

9129329 

14.4568 

5-9345 

656-59 

34307.0 

210 

44100 

9261000 

14.4914 

5-9439 

659-73 

34636.1 

211 

44521 

9393931 

14.5258 

5-9533 

662.88 

34966.7 

212 

44944 

9528128 

14.5(302 

5.9627 

666.02 

35298.9 

213 

45369 

9663597 

14-5945 

5-0721 

66c).i6 

35632.7 

214 

45796 

9800344 

14.6287 

5.9814 

672.30 

35968.1 

215 

46225 

9938375 

14.6629 

5*9907 

675-44 

36305.0 

216 

46656 

10077696 

14.6969 

6.0000 

678.58 

36643.5 

217 

470&; 

10218313 

14.7309 

6.0092 

681.73 

36983.6 

218 

47524 

10360232 

14.7648 

6.0185 

684.87 

37325.3 

219 

47961 

10503459 

14.7986 

6.0277 

688.01 

37668.5 

220 

48400 

10648000 

14.8324 

6.03(38 

691.15 

38013-3 

221 

48841 

10793861 

14.8661 

6.0459 

694.29 

38359-6 

222 

49284 

10941048 

14-8997 

6.0550 

697-43 

38707-6 

223 

49729 

110^567 

14-9332 

6.0641 

700-58 

39057.1 

224 

50176 

11239424 

14.9666 

6.0732 

703-72 

39408.1 

225 

50625 

11390625 

15.0000 

6.0822 

706.86 

39760.8 

226 

51076 

11543176 

15*0333 i 

6.0Q12 

710.00 

40115.0 

2i7 

51529 

11 (>97083 

15.0665 

6.1002 

713*14 

40470.8 

228 

51984 

11852352 

15.0997 

6.1091 

71(3.28 

40828.1 

229 

52441 

12008989 

15-1327 

6.1180 

719.42 

41187.1 

230 

52900 

12167000 

15.1658 1 

6.1269 

722.57 

41547-6 

231 

53361 

12326391 

15.1987 

6.135^ 

725*71 

41909.6 

232 

53824 

12487168 

•5-2315 

6.1446 

728-85 

42273.3 

233 

54289 

12649337 

15-2643 

6.1534 

731-99 

42638.5 

234 

54756 

12812904 

15-2971 

6.1622 

735 -'3 

43005.3 

235 

55225 

12977875 

15-3297 

6.1710 

738-27 

43373*6 

236 

55696 

13144256 

•5-3623 

6.1797 

741-42 

43743*5 

237 

56169 

13312053 

15-3948 

6.1885 

744-56 

44115*0 

238 

56644 

13481272 

15-4272 

6.1972 

747 - 7 ° 

44488,1 

239 

57121 

13651919 

15-4596 

6.2058 

750.84 

44862.7 

240 

57600 

13824000 

15-4919 

6.2145 

753-98 

45238.9 



1586 GENERAL TABLES 


Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

241 

58081 

1399752I 

15-5242 

6.2231 

757.13 

456*6.7 

242 

58564 

14172488 

*5-5563 

6.2317 

760.27 

45996.1 

243 

59049 

14348907 

*5-5885 

6.2403 

763-4* 

46377-0 

244 

59536 

14526784 

15.6205 

6.2488 

766.55 

46759-5 

245 

60025 

14706125 

15-6525 

6-2573 

769.69 

47143.5 

246 

60516 

14886936 

15.6844 

6.2658 

772-83 

47529.2 

247 

61009 

15069223 

15.7162 

6.2743 

775-97 

479164 

248 

61504 

15252992 

15.7480 

6.2828 

779-12 

48305.1 

249 

62001 

15438249 

15-7797 

6.2912 

7S2.26 

48695.5 

250 

62500 

15625000 

*5,8**4 

6.2996 

785-40 

490874 

251 

63001 

15813251 

15.8430 

6.3080 

788.54 

I 49480.9 

252 

63504 

16003008 

*5-8745 

6.3164 

791.68 

49875-9 

253 

64009 

16194277 

15.9060 

6.3247 

794.82 

50272.6 

254 

64516 

16387064 

15-9374 

6.3330 

797.96 

50670.7 

255 

65025 

16581375 

15.9687 

6.34*3 

801.II 

51070.5 


65536 

16777216 

16.0000 

6.3496 

804.25 

51471-9 

257 

66049 

*6974593 

16.0312 

6.3579 

807.39 

51874.8 

25S 

66564 

* 7 * 735*2 

16.0624 

6.3661 

810.53 

52279-2 

259 

67081 

*7373979 

16.0935 

6.3743 

813.67 

52683.3 

fl6o 

67600 

17576000 

*6.1245 

6.3825 

816.81 

53092.9 

261 

68121 

17779581 

* 6.1555 

6.3907 

819.96 

53502.1 

262 

68644 

17984728 

16.1864 

6.3988 

823.10 

53912.0 

263 

69169 

18191447 

16.2173 

6.4070 

826.24 

54325-2 

264 

69696 

18399744 

16.2481 

6.4151 

829.38 

54739-1 

265 

70225 

18609625 

16.2788 

64232 

832-52 

55154.6 

266 

70756 

18821096 

16.3095 

64312 

835.66 

55571-6 

267 

71289 

19034163 

16.3401 

64393 

838.81 

55990*3 

268 

71824 

19248832 

16.3707 

64473 

841.95 

564104 

269 

72361 

19465109 

16.4012 

64553 

845.09 

56832.2 

270 

72900 

19683000 

164317 

64633 

848.23 

57255-5 

271 

73441 

1 

I99O25II j 

164621 

64713 

851-37 

576804 

272 

73984 

20123648 

164924 

6.4792 

854-5* 

58x06.9 

273 

74529 

20346417 

16.5227 

64872 

857.66 

58534.9 

274 

75076 

20570824; 

16.5529 

64951 

860.80 

58964.6 

275 

75625 

2079687s 

16.5831 

6.5030 

863.94 

59395-7 

276 

76176 

21024576 

16.6132 

6.5108 1 

867.08 

59828.C 

277 

76729 

212539331 

16.6433 

6.5187 

870.22 

60262.8 

278 

77284 

21484952 

16.6733 

6.5265 

873-36 

60698.7 

279 

77841 

21717639 

*6.7033 

6.5343 

876.50 

61136.2 

280 

78400 

219520001 

16.733a 

6.5421 

879.6s 

6 * 575-2 


SQUARES—CUBES 1587 


Squa££S| Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

281 

78961 

22188041 

16.7631 

6-5499 

882.79 

62015.8 

282 

79524 

22425768 

16.7929 

6.5577 

885.93 

62458.0 

283 

800S9 

22665187 

16.8226 

6.5654 

889.07 

62901.8 

284 

80656 

22906304 

16.8523 

6-5731 

892.21 

633 - 37-1 

=>85 

81225 

23149125 

16.8819 

6.5808 

895-35 

63794-0 

286 

81706 

23393656 

16.9115 

6.588s 

898.50 

64242.4 

287 

82369 

23639903 

16.9411 

6.5962 

901.64 

64692.5 

288 

82944 

23887872 

16.9706 

6.6039 

904.78 

65144.1 

289 

83521 

24137569 

17.0000 

6.6115 

907-92 

65597-2 

290 

84100 

24389000 

17.0294 

6.6191 

911.06 

66052.0 

291 

84681 

24642171 

17.0587 

6.6267 

914.20 

66508.3 

292 

85264 

24897088 

17.0880 

6.6343 

917-35 

66966.2 

293 

85849 

25153757 

17.1172 

6.6419 

920.49 

67425-6 

294 

86436 

25412184 

17.1464 

6.6494 

923-63 

67886.7 

29s 

8702s 

2567237s 

17-1756 

6.6569 

926.77 

68349-3 

296 

87616 

25934336 

17.2047 

6.6644 

929.91 

68813.5 

297 

88209 

26198073 

17-2337 

6.6719 

933-05 

69279.2 

298 

88804 

26463592 

17.2627 

6.6794 

936.19 

69746.5 

299 

89401 

26730899 

17.2916 

6.6869 

939-34 

70215.4 

300 

90000 

27000000 

17-3205 

6.6943 

942.48 

70685.8 

301 

90601 

27270901 

17-3494 

6.7018 

945.62 

71157-9 

302 

91204 

27543608 

17-3781 

6.7092 

948.76 

71631-s 

303 

91809 

27818127 

17.4069 

6.7166 

951.90 

72106.6 

304 

92416 

28094464 

17435^ 

6.7240 

955.04 

72583-4 

305 

93025 

28372625 

17.4642 

6-7313 

958.19 

73061.7 

306 1 

93636 

28652616 

17.4929 

6-7,387 

961-33 

73541-5 

307 

94249 

28934443 

17.5214 

6.7460 

964.47 

74023.0 

308 

94864 

29218112 

17-5499 

6.7533 

967.61 

74506.0 


95481 

29503629 

17-5784 

6.7606 

970.75 

74990.6 

310 

96100 

29791000 

17.6068 

6-7679 

973-89 

75476.8 

3 ” 

96721 

30080231 

17-6352 

6-7752 

977-04 

75964-5 

312 

97344 

30371328 

17-6635 

6.7824 

980.18 

76453-8 

313 

97969 

30664297 

17.6918 

6.7897 

983-32 

76944-7 

314 

98596 

30959144 

17.7200 

6.7969 

986.46 

77437-1 

315 

99225 

31255875 

17-7482 

6.8041 

989.^ 

77931-1 

316 

99856 

31554496 

17-7764 

6.8113 

992.74 

78426.7 

317 

100489 

31855013 

17.8045 

6.8185 

995-88 

78923-9 

318 

IOI124 

32157432 

17.8326 

6.8256 

999.03 

79422.6 

319 

101761 

32461759 

17.8^6 

6.8328 

1002.20 

79922.9 

320 

102400 

32768000 

17.8885 

6.8399 

1005.30 

80424.8 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circum. 

Area 

321 

103041 

33076161 

17.9165 

6.8470 

1008.5 

80928.2 

322 

103684 

33386248 

17.9444 

6.8541 

lOi 1.6 

8*433.2 

323 

104329 

33698267 

17.9722 

6.8612 

1014.7 

81939.8 

324 

104976 

34012224 

18.0000 

6.8683 

1017.9 

82448.0 

325 

105625 

34328125 

18.0278 

6.8753 

1021.0 

82957.7 

326 

106276 

34645976 

18.0555 

6.8824 

1024.2 

83469.0 

327 

106929 

34965783 

18.0851 

6.8894 

1027.3 

83981.8 

32H 

107584 

35287552 

18.1108 

6.8964 

1030.4 

84496.3 

329 

108241 

35611289 

18.1384 

6.9034 

1033.6 

85012.3 

330 

108900 

35937000 

18.1659 

6.9104 

1036.7 

85529.9 

331 

109561 

36264691 

18.1934 

6.9174 

1039.9 

86049.0 

332 

110224 

36594368 

18.2209 

6.9244 

1043.0 

86569.7 

333 

110889 

36926037 

18.2483 

6 . 93*3 

1046.2 

87092.0 

334 


37259704 

18.2757 

6.9382 

1049.3 

87615.9 

33 S 

II2225 

37595375 

18.3030 

6.9451 

10524 

88141.3 

336 

112896 

3793305 ^> 

18.3303 

6.9521 

1055.6 

88668.3 

337 

1135^ 

3^^272753 

18.3576 

6.9589 

1058.7 

89196.9 

33 « 

II4244 

38614472 

18.3848 

6.9658 

1061.9 

89727.0 

339 

II492I 

38(;582I9 

18.4120 

6.9727 

1065.0 

90258.7 

340 

115600 

39304000 

18.4391 

6.9795 

1068.1 

90792.0 

341 

116281 

39651821 

18.4662 

6.9864 

1071.3 

91326.9 

342 

116964 

40001^)88 

18.4932 

6.9932 

1074.4 

91863.3 

343 

117649 

40353^^7 

18.5203 

7.0000 

1077.6 

92401.3 

344 

118336 

40707584 

18.5472 

7.0068 

1080.7 

92940-9 

345 

1 119025 

41063625 

18.5742 

7.0136 

1083.8 

93482.0 

346 

119716 

41421736 

18.6011 

7.0203 

1087.0 

94024.7 

347 

120409 

41781923 

18.6279 

7.0271 

1090.1 

94569.0 

348 

121104 

42144192 

18.6548 

i 7-0338 

1093-3 

95114.9 

349 

121801 

42508549 

18.6815 

7.0406 

1096.4 

95662.3 

350 

122500 

00 

18.7083 

7-0473 

1099.6 

96211.3 

351 

I232OI 

43243551 

18-7350 

7.0540 

1102.7 

96761.8 

352 

1 123904 

43614208 

1 18.7617 

7.0607 

1105.8 

973 * 4-0 

353 

124609 

4398^^977 

18.7883 

I 7-0674 

1109 

97867.7 

354 

125316 

44361864 

18.8149 

7.0740 

1112.1 

98423.0 

355 

126025 

4473887s 

18.8414 

7.0807 


98979.8 

356 

126736 

45118016 

18.8680 

7-0873 

11184 

99538-3 

357 

1 127449 

45499293 

18.8944 

7.0940 

1121.5 

100098 

358 

128164 

45882712 

18.9209 

7.1006 

1124*7 

100660 

359 

128881 

46268279 

18.9473 

7.1072 

1127.8 

101223 

360 

129600 

466560^ 

* 84*737 

7.1138 

1x31.0 

X01788 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root 

Cube Root 

Circle 

Circun.. 

Area 

361 

130321 

47045881 

ig.oooo 

7.1204 

I134.I 

102354 

362 

131044 

47437928 

19.0263 

7.1269 

1137-3 

102922 

363 

i 3>769 

47832147 

19.0526 

7-1335 

1140.4 

10349I 

364 

132496 

48228544 

19.0788 

7.1400 

1143-5 

104062 

365 

133225 

48627125 

19.1050 

7.1466 

1146.7 

104635 

366 

133956 

49027896 

19.1311 

7-1531 

1149.8 

105209 

367 

134689 

49430863 

19.1572 

7.1596 

II 53-0 

105785 

368 

135424 

49836032 

19-1833 

7.1661 

1156.1 

106362 

369 

136161 

50243409 

19.2094 

7-1726 

1159.2 

106941 

370 

136900 

50653000 

19-2354 

7.1791 

11624 

IO7521 

371 

137641 

51064811 

19.2614 

7-1855 

1165.5 

108103 

372 

138384 

51478848 

19.2873 

7.1920 

1168.7 

108687 

373 

I39I29 

51895117 

19-3132 

7.1984 

1171.8 

109272 

374 

139876 

52313624 

19-3391 

7.2048 

II 75-0 

109858 

375 

140625 

52734375 

19.3649 

7.2112 

1178.1 

110447 

376 

141376 

53157376 

19.3Q07 

7.2177 

1181.2 

111036 

377 

I42I2Q 

53582633 

19.4165 

7.2240 

11844 

111628 

378 

142884 

54010152 

19.4422 

7-2304 

1187.5 

II2221 

379 

143641 

54439939 

19-4679 

7.2368 

11Q0.7 

112815 

380 

144400 

54872000 

19-4936 

7-2432 

1193.8 

113411 

381 

145161 

55306341 

19.5192 

7-2495 

1106.9 

114009 

382 

145924 

55742968 

19.5448 

7-2558 

1200.1 

114608 

383 

146689 

56181887 

19.5704 

7.2622 

1203.2 

115209 

384 

147456 

56623104 

19-5959 

7.2685 

1206.4 

115812 

38s 

148225 

57066625 

19.6214 

7.2748 

1209.5 

116416 

386 

148996 

57512456 

19.6469 ; 

7.2811 

1212.7 

117021 

387 

149769 

5 7960603 

19-6723 

7.2874 

1215.8 

117628 

388 

150544 

584x1072 

19.6977 

7-2936 

1218.9 

118237 

389 

151321 

58863869 

19-7231 

7.2999 

1222.1 

118847 

390 j 

I52IOO 

59319000 

19.7484 

7-3061 

1225.2 

I19459 

391 

152881 j 

59776471 

19-7737 

7-3124 

122S.4 

120072 

392 

153664 

602362^ 

19-7990 

7.3186 

1231-5 

120687 

393 

154449 

60698457 

19.8242 

7-3248 

1234.6 

121304 

394 

155236 

61162984 

19.8494 

7-3310 

1237.8 

121922 

395 

156025 

61629875 

19.8746 

7-3372 

1240.9 

122542 

396 

156816 

62099136 

19.8997 

7-3434 

1244.1 

123163 

397 

157609 

62570773 

19.9249 

7-3496 

1247.2 

123786 

398 

158404 

63044792 

19.9499 

7-3558 

12504 

124410 

399 

159201 

6352x199 

19.9750 

7-3619 

1253-5 

125036 

400 

160000 

64000000 

20.0000 

7-3684 

1256.6 

1256^ 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences, 
AND Circular Areas of Nos. from 1 to 520 


No. 

Square 

Cube 

Sq. Rcx)t < 

Cube Rootj 

Circle 

Circum. 

Area 

401 

I60801 

64481201 

20.0250 

7-3742 

1259.8 

126293 

402 

161604 

64964808 

20.0499 

7-3803 

1262.9 

126923 

403 

162409 

65450827 

20.0749 

7-3864 

1266.1 

127556 

404 

163216 

65939264 

20.0998 

7*3925 

I26().2 

128190 

405 

164025 

66430125 

20.1246 

7-3986 

1272.3 

128825 

406 

164836 

66923416 

20.1494 

7.4047 

1275.5 

129462 

407 

165649 

67419143 

20.1742 

7.4108 

1278.6 

130100 

408 

166464 

67917312 

20.1990 

7.4169 

1281.8 

13074I 

409 

167281 

68417929 

20.2237 

7.4229 

1284.9 

131.382 

410 

168100 

68921000 

20.2485 

7.4290 

1288.1 

132025 

411 

168921 

69426531 

20.2731 

7*4350 

1291.2 

1^2670 

412 

169744 

69934528 

20.297S 

7.4410 

1294.3 

133317 

413 

170569 

70444997 

20.3224 

7-4470 

1297-5 

133965 

414 

171396 

70957944 

20.3470 

7-4530 

1300.6 

134614 

415 

172225 

71473375 

20.3715 

74590 

1303-8 

135265 

416 

173056 

71991296 

20.3961 

74650 

1306.9 

135918 

417 

173889 

72511715 

204206 

74710 

I3IO.O 

1.36572 

418 

174724 

73034632 

204450 

74770 ! 

1313.2 

137228 

419 

175561 

73560039 

20.4695 

7.4S29 

1316.3 

137885 

420 

176400 

74088000 

204939 

7.4889 

1319-S 

138544 

421 

177241 

74618461 

20.5183 

74948 

1322.6 

139205 

422 

178084 

75151448 

20.5426 

7-5007 

1325-8 

139867 

423 

178929 

75686967 

20.5670 

7-5067 

1328.9 

140531 

424 

179776 

76225024 

20.5913 

7.5126 

1332-0 

141196 

425 

180625 

7676562s 

20.6155 

7-5185 

I 33 S -2 

141863 

426 

181476 

77308776 

20.6398 

7-5244 

1338.3 

142531 

427 

182329 

77854483 

20.6640 

7-5302 

1341-5 

1432OI 

428 

183184 

78402752 

20.6882 

7-5361 

1344.6 

143872 

429 

184041 

78953589 

20.7123 

7-5420 

1347-7 

I 4454 S 

430 

184900 

79507000 

20.7364 

7-5478 

1350.9 

145220 

431 

185761 

80062991 

20.7605 

7-5537 

I 3 S 4-0 

145896 

432 

186624 

80621568 

20.7846 

7-5595 

1357-2 

146574 

433 

187489 

81182737 

20.8087 

7-5654 

1360.3 

147254 

434 

188356 

81746504 

20.8327 

7 -S 7 J 2 

1363-5 

147934 

435 

189225 

82312875 

20.8567 

7 - 577 ° 

1366.6 

148617 

43 ^ 

190096 

82881856 

20.8806 

7.5828 

13697 

149301 

437 

190969 

83453453 

20.9045 

7.5886 

1372.9 

149987 

433 

191844 

84027672 

20.9284 

7-5944 

1376.0 

150674 

439 

192721 

84604519 

20.9523 

7.6001 

1379.2 

15*363 

440 

193600 

85184000 

20.9762 

7-6059 

1382.3 

*52053 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas of Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root jcube Root 

Circle 

Circum. 1 

Area 

441 

194481 

85766121 

21.0000 

7.6117 

1385-4 

132745 

442 

195364 

86350888 

21.0238 

7.6174 

1388.6 

153439 

443 

19624Q 

86(^38307 

21.0476 

7.6232 

1301-7 

154134 

444 

197136 

87528384 

21.0713 

7.6289 

1304-9 

154830 

44 S 

198025 

88121125 

21.0950 

7.6346 

1398.0 

155528 

446 

198916 

88716536 

21.1187 

7.6403 

1401.2 

156228 

447 

199809 

89314623 

21.1424 

7.6460 

1404.3 

156930 

448 

200704 

89915392 

21.1660 

7-6517 

1407.4 

157633 

449 

201^)01 

90518849 

21.1896 

7-6574 

1410.6 

158337 

450 

202500 

91125000 

21.2132 

7.6631 

1413-7 

159043 

451 

203401 

91733851 

21.2368 

7.6688 

1416.9 

159751 

452 

204304 

92345408 

21.26x53 

7-6744 

1420.0 

160460 

453 

205209 

91959677 

21.2838 

7.6S01 

1423-1 

161171 

454 ■ 

206116 

93576664 

21.3073 

7-6857 

1426.3 

161883 

455 

207025 

94196375 

21.3307 

7.6914 

1429.4 

162597 

456 

207936 

94818816 

21.3542 

7.6970 

1432.6 

163313 

457 

208849 

95443903 

11-3776 ] 

7.7026 

1435-7 

164030 

458 

209764 

9^)071912 

i 2 r .4009 1 

7.7082 

1438.9 

164748 

459 

210681 

96702579 

21.424^ 

7 - 7'38 

1442.0 

1654^ 

460 

211600 

97336000 

21.4476 

7-7194 

I 445 -I 

166190 

461 

21252I 

97971181 

21.4709 

7.7250 

1448.3 

166914 

462 

213444 

98c11128 

21.4042 

7-7306 

145^-4 

167639 

463 

214369 

99252847 

21.5174 

7-7362 

1454.6 

168365 

464 

215296 

99897344 

21.5407 

7.7418 

1457-7 

169093 

465 

216225 

100544625 

21.5639 

7-7473 

1460.8 

169823 

466 

217156 

101194696 

21.5870 

7-7519 

1464.0 

170554 

467 

2I8089 

101847563 

21.6102 

7-7584 

1467.1 

171287 

468 

219024 

102503232 

21.6333 

7-7639 

1470-3 

172021 

469 

219961 

103161709 

21.6564 

7-7695 

14734 

172757 

470 

220900 

103823000 

21.679s 

7-7750 

1476.5 

173494 

471 

221841 

104487111 

21.7025 

7-7805 

1479-7 

174234 

472 

222784 

105154048 

21.7256 

7.7860 

14S2.8 

174974 

473 

223729 

105823817 

21.7486 

7-7915 

1486.0 

175716 

474 

224676 

106496424 

21.7715 

7-7970 

1489.1 

176460 

475 

225625 

107171875 

; 21.7945 

7.8025 

1492-3 

177205 

476 

226576 

107850176 

> 21.8174 

7.8079 

1495-4 

177952 

477 

227529 

108531333 

; 21.8403 

7-8134 

1498-S 

178701 

478 

228484 

109215352 

a 1.8632 

7.8188 

1501.7 

179451 

479 

229441 

10990223^ 

1 21.8861 

7-8243 

1504.8 

180203 

480 

230400 

11059200C 

) 21.9089 

7.8297 

1508.0 

180956 
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Squares, Cubes, Square Roots, Cube Roots, Circumferences 
AND Circular Areas or Nos. from i to 520 


No. 

Square 

Cube 

Sq. Root ( 

Cube Root - 

Circle 

Circum. 

Area 

481 

231361 

111284641 

21-93*7 

7-8352 

1511.I 

181711 

482 

232324 

111980168 

21-9545 

7.8406 

15U.3 

182467 

4^3 

233-2^9 

112678587 

21.9773 

7.8460 

1517-4 

183445 

484 

234256 

113379904 

22.0000 

7-^514 

1520-S 

183984 

4^5 

235225 

114084125 

22.0227 

7-8568 

1523-7 

184745 

486 

236196 

114791256 

22.0454 

7.8622 

1546.8 

185508 

487 

237*69 

115501303 

22.0681 

7.8676 

1530-0 

186272 

488 

238144 

116214272 

22.0907 

7-8730 

1533-I 

187038 

489 

239121 

116930169 

22.1133 

7.8784 

1536.2 

187805 

490 

240100 

117649000 

22.1359 

7-8837 

15394 

188574 

491 

241081 

*1837077* 

22.1585 

7.8891 

1542.5 

189345 

492 

242064 

I19095488 

22.1811 

7-8944 

1545*7 

190117 

493 

243049 

*198231571 

22.2036 

7.8998 

1548.8 

190890 

494 

244036 

1205537^^4 

22.2261 

7-9051 

1551-9 

191665 

49S 

245025 
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.17063 

5-86051 

.18865 

5.30080 

.20679 

4.83590 

19 

43 

.15303 

6-53.503 

.17093 

5-85024 

.18895 

5-29235 

.20709 

4.82882 

x8 

43 

.15333 

6.53234 

• 17133 

5.84001 

.18925 

5 28393 

.20739 

4.82x75 

17 

44 

.15363 

6.50970 

.17153 

5,82982 

.18955 

5-27553 

.20770 

4.81471 

x6 

45 

.15391 

6.40710 

.17183 

5.81966 

.18986 

5.26715 

.208^ 

4.80769 

IS 

46 

.15421 

6.48456 

.17313 

5-80953 

.19016 

5.25880 

.20830 

4.80068 

14 

47 

.15451 

6.47306 

.17343 

5-79944 

.19046 

5.25048 

.20861 

4.79370 

13 

48 

.15481 

6.45961 

.17373 

5-78938 

.19076 

5-24218 

.20891 

4.78673 

12 

49 

.15511 

6.44730 

•17303 

5.77936 

.19106 

5-23391 

.2092 Z 

4.77978 

II 

SO 

.15540 

6.43484 

•17333 

5.76937 

.19136 

5.22566 

.30952 

4.77286 

xo 

51 

•15570 

6.42253 

.17363 

5.75941 

,19166 

5-21744 

.20982 

4-76595 

9 

53 

.15600 

6.41026 

.17393 

5-74949 

.19197 

5-20935 

•21013 

4.75906 

8 

53 

.15630 

6.39804 

.17433 

5.73960 

.19227 

5.20107 

.21043 

4.75219 

7 

54 

.15660 

6.38587 

.17453 

5.73974 

.19357 

5 .10293 

.21073 

4.74534 

6 

55 

.15689 

6.37374 

.17483 

5-71993 

.19387 

5.18480 

.21104 

4.73851 

5 

56 

.15719 

6.3616s 

.17513 

S.71013 

.19317 

5-17671 

.31134 

4-73170 

4 

57 

.15749 

6.34961 

.17543 

5-70037 

.19347 

5.16863 

.2x164 

4.72490 

3 

58 

.15779 

6.33761 

.17573 

5.60064 

.19378 

5.16058 

. 2 X 195 

4.71813 

a 

59 


6.32566 

.17603 

5.68094 

.19408 

5.15356 

.2x225 

4.71137 

z 

60 

.15838 

6.31375 

.17633 

5.67128 

.19438 

5.14455 

.2x256 

4.70463 

0 

0 

Co-TAN. 

Tan. 

Co-TAN. 

Taj}. 

Co-TAN. 

Tan. 

1 Co-TAN. 

Tan. 

0 


1 81® i 

IJ 80® i 

79® J 

II 78® 1 
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1 12 ® 

13 » 

14® 

16® 


* 

Tan. 

Cotan. 

Tan. 

Co-TAN. 

Tan. 

Cotan. 

Tan. 

Co-TAN. 

# 

0 

.3x256 

4.70463 

- 

.23087 

4.33148 

-24933 

4.0x078 

.26795 

3.73205 

60 

I 

.3X386 

4.69791 

.331x7 

4-33573 

.34964 

4.00582 

.36826 

3.72771 

59 

a 

^x3i6 

4.69iax 

.33x48 

4.33001 

•3499s 

4xxx)86 

.36857 

3.72338 

58 

3 

•ax547 

4-68453 

-33x79 

4-3x430 

.25026 

3-99592 

.26888 

3-71907 

57 

4 

.3X377 

4.67786 

-23209 

4.30860 

.35056 

3.99099 

.26920 

3.71476 

56 

5 

.3x408 

4.67121 

.33340 

4-30291 

.35087 

3-98607 

.26951 

3.71046 

55 

6 

.31438 

4-66458 

.33271 

4.29734 

.35118 

3.98117 

.26^3 

3.70616 

54 

7 

.2x469 

4-65797 

.23301 

4.29159 

.35x49 

3.97637 

.27013 

3.70188 

53 

8 

.21499 

4-65x38 

•33332 

4-28595 

.35180 

3-97139 

.27044 

3-69761 

52 

9 

.21529 

4.644S0 

.33363 

4.38033 

•25311 

3.96051 

.37076 

3-69335 

51 

10 

.21560 

4-63825 

•33393 

4-37471 

.35342 

3.96165 

.27107 

3.68909 

5Q 

11 

,21590 

4.63171 

.33424 

4.26911 

•25273 

3.95680 

.27x38 

3.68485 

49 

13 

.31631 

4.62518 

•23455 

4-26353 

.25304 

3 95196 

.27169 

3.68061 

48 

U 

.31651 

4.61868 

.23485 

4-25795 

.25335 

3 94713 

.37201 

3.67638 

47 

14 

.31682 

4.61319 

•235x6 

4-25239 

.35306 

3 94232 

.27232 

3.67217 

46 

15 

.217x2 

4.60573 

.23547 

4.24685 

•35397 

3-93751 

.27263 

3.66796 

45 

16 

.31743 

4-59927 

.23578 

4.34133 

.25428 

3-93271 

.27294 

3.66376 

44 

17 

.3X773 

4-59283 

.23608 

4-23580 

.25459 

3-92793 

.37326 

3-65957 

43 

18 

.31804 

4-58641 

.23639 

4-23030 

•25490 

3.92316 

.27357 

3-65538 

42 

19 

.31834 

4-58001 

.23670 

4.33481 

.25521 

3-91839 

.37388 

3-65x21 

41 

30 

.21864 

4-57363 

.23700 

4-31933 

.25553 

3-9x304 

.374x9 

3.6470s 

40 

at 

.21895 

4.56726 

.23731 

4-2x387 

.25583 

3.90890 

.37451 

3.64289 

39 

aa 

.31935 

4-56091 

.23763 

4.30843 

.25614 

3-904x7 

0748a 

3-63874 

38 

*3 

.21956 

4-55458 

•23793 

4.303^ 

.25645 

3-89945 

•27513 

3-63461 

37 

84 

.219^ 

4-54836 

.23823 

4-19756 

.35676 

3-89474 

•27545 

3.63048 

36 

35 

.33017 

4.54196 

.23854 

4.19315 

.35707 

3.89004 

*37576 

3.62636 

35 

a6 

.2 2047 

4-53568 

.33885 

4-18675 

.25738 

3-88536 

07607 

3.63334 

34 

a7 

.33078 

4-53941 

.23916 

4-18137 

.35769 

3.88068 

.27638 

3.61814 

33 

38 

.23x08 

4-533x6 

.23946 

4.17600 

.25800 

3.87601 

.37670 

3-61405 

32 

39 

.32139 

4-51693 

*23977 

4-17064 

.25831 

3-87136 

.27701 

3.60906 

31 

30 

.22169 

4-51071 

.34008 

416530 

.35863 

3.86671 

*27732 

3.60588 

30 

31 

.22300 

4-50451 

.34039 

4-15997 

.35893 

3.86208 

.37764 

3.60181 

29 

3a 

1 .23231 

4-49833 

.34069 

4-15465 

.35924 

3-85745 

.27795 

3-59775 

38 

33 

.33261 

4-493x5 

.34100 

4-14934 

.25955 

3-85284 

.27836 

3-50370 

27 

34 

.33393 

4.48600 

.34131 

4.14405 

.35986 

! 3.84834 

.27858 

3.589^ 

a6 

35 

.22333 

4.47986 

.34163 

4x3877 

.36017 

3-84364 

.37889 

3-58562 

25 

36 

.33353 

4-47374 

.34x93 

4 13350 

.36048 

1 3-83906 

.37920 

3.58x60 

24 


.33383 

4-46764 

.24333 

4-12835 

.26079 

3.83449 

•27952 

3-57758 

23 

3 « 

.33414 

4.46155 

.24254 

4-12301 

.26110 

3.82992 

.37983 

3-57357 

22 

39 

.33444 

4^45548 

.34285 

4-1x778 

.26141 

3-82537 

.38015 

3-56957 

31 

40 

.33475 

4-44942 

.24316 

4.XI256 

.36173 

3.82083 

08046 

3-56557 

30 

41 

.32505 

4.44338 

.24347 

4-10736 

.26203 

' 3-8x630 

08077 

3.56x59 

19 

4a 

.23536 

4-43735 

.34377 

4.10216 

.26335 

3-81177 

.28109 

3.55761 

18 

43 

.22567 

4-43x34 

.34408 

4.09699 

.26366 

3.80736 

.28140 

3-55364 

17 

44 

.32597 

4-43534 

•24439 

4x79x83 

.26397 

3.80376 

.38173 

3-54968 

16 

45 

.22628 

4-41936 

.34470 

4.08666 

.26338 

3-79827 

.28303 

3-54573 

IS 

46 

.32658 

4-4x340 

.34501 

4.08153 

.26359 

3-79378 

08234 

3-54179 

14 

47 

.326^ 

4-40745 

.3453a 

4-07639 

.26390 

3.7893X 

.28366 

3-53785 

13 

48 

.237x9 

4-40x53 

.34563 

4-07137 

.36421 

3.78485 

.38297 

3-53393 

la 

49 

.33750 

4-39560 

•34593 

4x766x6 

.36453 

3.78040 

.38339 

1 3-53O0X 

1 r 

50 

.23781 

4.38969 

.34634 

4.06107 

.36483 

3.77595 

08360 

3-52609 

XO 

5* 

.3381 X 

4-38381 

.34655 

4-05599 

*365x5 

3-77x52 

.38391 

; 3.52219 

9 

5a 

.33843 

4-37793 

.34686 

4x75093 

.36546 

3.76709 

.38433 

3-51829 

8 

53 

1 .33873 

4-37307 

-247x7 

4-04586 

.36577 

3.76268 

.38454 

3-5x441 

1 7 

54 

•23903 

4-36633 

.34747 

4x74081 

.36608 

3.75828 

.284^ 

3-51053 

6 

55 

•a 3934 

4-36040 

.34778 

4-03578 

.26639 

3.75388 

.28517 

3.50666 

S 

56 

.33964 

4-35459 

.34809 

4-03075 

.26670 

3-74950 

•28549 

3.50279 

4 

57 

.33995 

4-34879 

.34840 

4-03574 

.26701 

3-74512 

.28580 

3-49894 

3 

58 

.33036 

4-34300 

*24871 

4-03074 

*26733 

3-74075 

.2861a 

3-49509 

a 

59 

.330<6 

433733 

.34903 

4-0x576 

.36764 

3-73640 

.28643 

3-49X25 

X 

60 

.33087 

4.33148 j 

•24933 

4.CX078 

.36795 

3-73305 

08675 

3*48741 

0 

/ 

C0.TAN. 

Tah. 

Co-TAN. 

Tan. 

CchTAN, 

Tan. 

CCKTAN. 

Taw. 



77® 1 

76® 1 

76® 1 

74® 

1 






NATURAL TANGENTS 


1597 



le* 1 

i?® 1 

18 - 1 

19 ° 


f 

Tam. 

Co-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

/ 

0 

.3867 s 

3.48741 

.30573 

3.27085 

.32492 

3^27768 

•34433 

2.90421 

60 

X 

.28706 

3.48359 

.30605 

3.26745 

.32524 

3.07464 

.34465 

2.90147 

59 

a 

.28738 

3-47977 

.30637 

3.26406 

.33556 

3.07160 

•34498 

2.89873 

58 

3 

.2S76Q 

347596 

.30669 

3.26067 

.32588 

3.06857 

•34530 

2.89600 

57 

4 

.28800 

3.47216 

.30700 

3.25729 

.32621 

3.06554 

.3456^ 

2.89327 

56 

5 

.28832 

3.46837 

.3073a 

3-25392 

.32653 

3.06252 

•34596 

2.8905s 

55 

6 

.28864 

3.46458 

.30764 

3.250SS 

.32685 

3.05950 

.34628 

2.88783 

54 

7 

.28895 

3.46080 

.30796 

3.24719 

•32717 

305649 

.34661 

2.88511 

53 

8 

.38927 

3.45703 

.30828 

324383 

•32749 

3-05349 

•34693 

2.88240 

52 

9 

.28958 

3.45327 

.30860 

3.24049 

.32782 

3.05049 

.34726 

2.87970 

51 

xo 

.38990 

3.44951 

.30891 

3-23714 

•32814 

3-04749 

•34758 

2.87700 

SO 

II 

Jt903I 

3.44576 

•30923 

3-23381 

.32846 

3.04450 

.34791 

2.87430 

49 

13 

.39053 

3.4420a 

.30955 

3.23048 

.32078 

3.04152 

.34824 

2.87161 

48 

33 

.29084 

3.43829 

.30987 

3.2271s 

.32911 

3-03854 

.34856 

2.8^92 

47 

14 

.29116 

3.43456 

.31019 

3-22384 

•32943 

3-03556 

.34889 

2.86624 

46 

IS 

J9I47 

3.43084 

.31051 

3-22053 

.33975 

3.03260 

.34922 

2.86356 

45 

16 

.29179 

3.42713 

.31083 

3.21722 

•33007 

3.02963 

•34954 

2.86089 

44 

37 

.39210 

3.4*343 

.31115 

3.21392 

•33040 

3.02667 

■34987 

2.83899 

43 

18 

.3924a 

3.41973 

.31147 

3.21063 

.33072 

3.02372 

•35019 

2.85555 

42 

19 

.39274 

3.41604 

.31178 

3.20734 

.33104 

302077 

•35052 

2.85289 

41 

30 

.29305 

3.41236 

.31210 

3.20406 

.33136 

3.017S3 

•3508s 

2.85023 

40 

31 

.29337 

3.40869 

.3124a 

3.20079 

•33169 

3.01489 

•35117 

2.84758 

39 

33 

.293^>8 

3.40502 

.31274 

3.19752 

.33201 

3.01196 

.35150 

2.84494 

38 

23 

.29400 

3.40136 

.31306 

3.19426 

.33233 

300903 

•35183 

2.84229 

37 

24 

.39432 

3.39771 

•31338 

3.19100 

.33266 

3.00611 

.35216 

2.8396s 

36 

as 

.29463 

3.39406 

•31370 

3.1877s 

.33298 

300319 

.35248 

2.83702 

3S 

36 

.29495 

3.3904a 

.3140a 

3.18451 

•33330 

3.00028 

•35281 

a.83439 

34 

a? 

.29536 

3.38679 

•31434 

3.18127 

.33363 

2.99738 

•35314 

2.83176 

33 

a8 

.39558 

3.38317 

.31466 

3.17804 

•33395 

2.99447 

.35346 

2.82914 

32 

39 

.29590 

3-37955 

.31498 

3.17481 

•33427 

2.99^58 

•35379 

2.82653 

31 

30 

.39621 

3.37594 

•31530 

3.17159 

.33460 

2.9886S 

.35412 

a.82391 

30 

33 

.29653 

3.37234 

•31563 

3.16838 

.33493 

2.98580 

•35445 

2.82130 

29 

3a 

,2968s 

3.36875 

•31594 

3.16517 

•33524 

2.98292 

•35477 

2.81870 

28 

33 

.29716 1 

3.36516 

.31626 

3.16197 

.33557 

2.98004 

.35510 

a.8i6io 

27 

34 

.39748 ! 

3.36158 

.31658 

3.15877 

.33589 

3.977x7 

•35543 

2.81350 

a6 

35 

.29780 

3.35800 

.31690 

3.15558 

.33621 

2.97430 

.35576 

.35608 

a.81091 

25 

36 

.29811 

3.35443 

.3172a 

3.15240 

.33654 

.336^ 

2.97144 

2.80833 

24 


.39843 

3.35087 

.31754 

3.1492a 

2.96858 

.35641 

2.80574 

23 

38 

.29875 

3.34732 

.31786 

3.14605 

.33718 

a.96573 

•35674 

2.80316 

aa 

39 

.39906 

3.34377 

.31818 

3.14288 

•33751 

a.96288 

.35707 

2.80059 

21 

40 

.29938 

3.34023 

.31850 

3.1397a 

•33783 

a.96004 

.35740 

a.79802 

20 

43 

.29970 

3.33670 

.3188a 

3.13656 

.33816 

i a.95721 

•35772 

2 79545 

19 

4a 

.30001 

3.33317 

.31914 

3.13341 

•33848 

2-95437 

.3580s 

2.79289 

18 

43 

.30033 

3.3296s 

•31946 

313027 

.33881 

2.95155 

.35838 

a.79033 

17 

44 

,3006s I 

3.32614 

.31978 

313713 

.33913 

2.94872 

•35871 

3-78778 

16 

45 

.30097 

3.32264 

.32010 

3.12400 

.33945 

a.94590 

.35904 

2.78523 

IS 

46 

.30128 

3.3x914 

.32043 

3.12087 

.33978 

a.94309 

•35937 

a.78269 

14 

47 

.30160 

3.31565 

.32074 

311775 

.340x0 

a.94028 

.35969 

2.78014 

13 

48 

.3019a 

3.31216 

.32106 

3.11464 

•34043 

a.93748 

.36002 

2.77761 

12 

49 

•30334 

3.30868 

.32139 

3.11153 

.34075 

.34108 

9.93468 

•3603s 

.36068 

2.77507 

zz 

50 

.30255 

3.30521 

.32171 

3.10842 

a.93189 

2.77354 

10 

51 

.30287 

3.30174 

.32203 

3.10532 

.34140 

2.92910 

.361OX 

a.77002 

P 

Sa 

.30319 

3.29829 

.32235 

3.10223 

.34173 

2.92632 

.36x34 

2.76750 

8 

53 

.30351 

3.29483 

.32267 

309914 

.34205 

2.92354 

.36167 

a.76498 

7 

54 

.3038a 

3.20139 

.32299 

309606 

.34238 

2.92076 

.36199 

2.76247 

6 

55 

•30414 

.30446 

3.28795 

.32331 

3.00298 

.34270 

a.91799 

.3623a 

a.75996 

5 

S6 

3.28452 

.32363 

308991 

.34303 

a.91523 

.36265 

2.75746 

4 


.30478 

3.a§i09 

.32396 

3 .o 86 §s 

•34335 

.34368 

3.91246 

.36298 

2.75496 

3 

sk 

.30509 

3.27767 

.32428 

3.08379 

a.90971 

.36331 

3.75246 

a 

g 

.30541 

3.27426 

.32460 

3.08073 

.34400 

a.90696 

.36364 

9.74997 

I 

•30573 

3.27085 

.32492 

3.07768 

.34433 

3.90421 

.36397 

a.74748 

0 


Co-TAN. 

Tan. 

Co-tan. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN, 

. Tan. 

# 

1 

730 

1 72 ° 

1 71 - 
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20® 

21® 1 

1 22® 

CO 

0 


/ 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 


0 

.36397 

2.74748 

.38386 

2.60509 

.40403 

3.47509 

•42447 

a.35585 

60 

I 

.36430 

a.74499 

.38420 

a.60283 

-40436 

2.4730a 

.4348a 

2.35395 

59 

2 

.36463 

2.74251 

.38453 

2,60057 

^04 70 

2.47095 

.42516 

2.35205 

58 

3 

.36496 

2.74004 

.38487 

2.59831 

.40504 

a.46888 

.42551 

a.35015 

57 

4 

.36529 

2.73756 

.38520 

2.59606 

-40538 

a.46682 

.42585 
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.98858 

20 

41 

.09903 

4)9508 

.11638 

4)9320 

.13370 

.99102 1 

.1.5097 

08854 

10 

4a 

.0993a 

.99506 

.11667 

4 ) 9.3 *7 

.13399 

•V2098 

.15*26 

4)8849 

18 

43 

4)9961 

4)9503 

.11696 

4 ) 93*4 

•*3427 

.99094 

.* 5*55 

4)8845 

17 

44 

4)9990 

4)9500 

.**725 

4 ) 93*0 

•*3456 

.99091 

.*5184 

4)8841 

z6 

45 

.100x9 

4)9497 

.11754 

4)9307 

.13485 

4)9087 

.15212 

.98836 

15 

46 

.XO048 

4)9494 

.11783 

4)9303 

•* 35*4 

4 K)o 83 

.*524* 

4)8832 

14 

47 

.10077 

4)9491 

.Z1812 

4)9300 

*3543 

.99079 

.*5270 

4)8827 

13 

48 

.X0106 

4 ) 94 ^ 

.1x840 

•99297 

*3572 

4)9075 

.15299 

4)8823 

12 

49 

•10135 

4)9485 

.118^ 

.99293 

.13600 

.99071 

.*5327 

4)88x8 

11 

50 

.10x64 

4)9482 

.11898 

.99290 

.13620 

■99067 

.15356 

4)8814 

zo 

51 

.X0192 

4)9479 

.1x927 

4)9286 

.13658 

.99063 

*5385 

4)8809 

9 

52 

.1022 X 

4)9476 

.11956 ] 

4)9283 

.13687 

4 ) 1)059 

.*5414 

.98805 

8 

53 

.10250 

4)9473 

.11985 

4)9279 

.* 37*6 

•9905s 

•15442 

4)8800 

7 

54 

.XO279 

4)9470 

.12014 

4)9276 

•13744 

•9905* 

.15471 

4)8796 

6 

55 

.XO308 

4)9467 

.12043 

4)9273 

•13773 

4)9047 

.15500 

4)8791 

5 

56 

.10337 

.99464 

.12071 

.99269 

.1380a 

4 ) 1)043 

.15529 

.98787 

4 

57 

.10366 

.99461 

.12100 

4 ) 9*65 

•*383* 

4)9039 

•15557 

.^782 

3 

58 

.10395 

4)9458 

.12x29 

.9926a 

.13860 

.99035 

• 15586 

4)8778 

a 

59 

.X0424 

4)9455 

.12158 

4*9258 

.13889 

4 ) 903 * 

.15615 

4)8773 

z 

60 

.10453 

4)9452 

.12187 

4 ) 9*55 

.13917 

4)9027 

.15643 

.^769 

0 

i 

COftXNS 

Sins 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

/ 


84 ® 

! 83 ® 

1 82 ® 

1 81 ® 







NATURAL SINES 
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9° 1 

10 ® 1 

ii® 1 

12 '> 1 



Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine | 

Cosine 

t 

0 

.15643 

.98769 

•17365 

.98481 

.190S1 

4)8163 

.20791 

.97815 

60 

I 

.15672 

.98764 

.17393 

.98476 

.19109 

.98157 

.20820 

4)7809 

59 

3 

.15701 

.98760 

.17422 

•98471 

.191.38 

.98152 

.20848 

.97803 

58 

3 

• 15730 

•98755 

.17451 

.98466 

.19167 

,98:46 

.20877 

4)7797 

57 

4 

•15758 

•98751 

.17479 

.98461 

•19195 

.98140 

.20905 

4)7791 

56 

S 

.15787 

.98746 

.17508 

.98455 

.19224 

.98135 

•20933 

4)7784 

55 

6 

.15816 

.98741 

•17537 

•98450 

.19252 

.08129 

.20962 

.97778 

54 

7 

• 1584s 

.98737 

•17565 

•98445 

.19281 

4)8124 

.20990 

.97772 

53 

8 

.15873 

•98732 

•17594 

.98440 

.19309 

,98118 

.21019 

4)7766 

52 

9 

.15903 

.98728 

.17623 

4 > 843 S 

.193.38 

4 )8 ii2 

.21047 

4)7760 

51 

10 

•15931 

.98723 

.17651 

.98430 

.19366 

.98107 

.21076 

.97754 

50 

11 

•15959 

.98718 

.17680 

•9842 s 

-19395 

4 )8 ioi 

.31104 

4)7748 

49 

13 

.15988 

•98714 

.17708 

.98420 

.19423 

4)8096 

.21132 

4)7742 

48 

13 

.ifx)i7 

.98709 

• 17737 

•^414 

.19452 

.98090 

.21161 

4)7735 

47 

14 

.16046 

.9S704 

.17766 

.98409 

.19481 

.98084 

.21189 

•97720 

46 

15 

. 1^074 

.98 700 

• 17794 

4)8404 

.19509 

.98079 

.21218 

4)7723 

45 

i6 

.16105 

.98695 

.17823 

4)8399 

•19538 

.98073 

.21246 

4)7717 

44 

17 

•16133 

.9S690 

.17852 

.98394 

.19566 

.98067 

.21275 

.97711 

43 

i 3 

. n M 60 

.98689 

.178^ 

.^389 

•1959s 

.98061 

.21303 

.97705 

42 


.16189 

.98681 

.17909 

•98383 

.19633 

.98056 

.21331 

.97698 

41 

30 

.16318 

.98676 

•17937 

.98378 

.19652 

.98050 

.21360 

.97692 

40 

31 

.16246 

.98671 

.17966 

•98373 

,19680 

.98044 

.21388 

.97686 

30 

33 

.16275 

.9.8667 

•17995 

.98368 

.19709 

.98039 

.21417 

.97680 

38 

23 

.16304 

.9.S^>62 

.18023 

.9836a 

•19737 

.98033 

.21445 

4)7673 

37 

24 

•16333 

•98657 

.18052 

•98357 

.19766 

.98027 

.21474 

•97667 

36 

2 5 

.16361 

.986«: 2 

.18081 

•98.352 

• 19794 

.98021 

.2isoa 

.97661 

35 

36 

.16390 

.98648 

.18100 

•98.3 17 

.19823 

.98016 

•21530 

.97655 

34 

27 

.16419 

.98643 

.i8m8 

.983.11 

.19851 

.98010 

.215.59 

.97648 

33 

38 

.16447 

.9.8638 

.18166 

.98336 

.10S80 

.98004 

.21587 

.97642 

3 » 

29 

.16476 

.98633 

.18195 

.98331 

.iQQoS 

.97998 

.21616 

.97636 

3 > 

30 

.16505 

.98629 

.18334 

.98325 

•19937 

.97992 

.21644 

4)7630 

3 t 

31 

.16533 

.98634 

.18253 

.98320 

.19965 

•97987 

.2167a 

4)7623 

29 

32 

.16563 

19 

.18281 

•9831s 

.19994 

.97981 

.21701 

4)7617 

28 

33 

.16591 

.98614 

.18309 

.98310 

.20033 

•97975 

.21729 

.97611 

27 

34 

.16630 

.98609 

.18338 

.98 304 

.20051 

.97969 

.21758 

.97604 

26 

35 

.16648 

.98604 

.18367 

.98299 

,20079 

.07963 

.21786 

.97598 

25 

36 

.16677 

.98600 

•18395 

.98294 

.20108 

.97958 i 

.31814 

4)7592 

24 

37 

.16706 

•98595 

.18424 

.9,8288 i 

.20136 

• 970 ? 2 . 

.31843 

•97585 

23 

38 

.167.34 

.98590 

,18453 

.98383 

.30165 

.97946 

.2i87i» 

•97579 

22 

39 

.16763 

I .98585 

.18481 

.98377 

,20193 

.97940 i 

.2 i8w 

.97573 

21 

40 

.1679a 

.98580 

.18509 

.98273 

.30333 

•97934 

.21928 

-97566 

20 

41 

.16830 

.98575 

.18538 

.98267 

.30250 

.97928 

.21956 

.97560 

10 

43 

.16840 

.98570 

.18567 

.QjiaCt 

.20379 

07022 

.21985 

•97553 

18 

•n 

.16878 

.98565 

.1859s 

.98356 

.20307 

.97916 

.22013 

•97547 

17 

44 

.169^ 

.98561 

.18634 

.98250 

.20336 

.97010 

.22041 

4)7541 

16 

45 

.16935 

.98556 

.18653 

.98345 

.30364 

.97905 

.22070 

4)7534 

IS 

46 

.16964 

.98551 

.lvS6rii 

4)8240 

•20393 

.97809 

.22098 

.97528 

14 

47 

. 16.^3 

. 98«;46 

.18710 

•982.34 

.20421 

.97893 

.22126 

.97521 

13 

48 

.1 7031 

.98541 

.18738 

.98339 

.20450 

.97887 

.22155 

.97515 

12 

49 

.17050 

•98536 

.18767 

•98323 

.20478 

.97881 

.22183 

.97508 

21 

S 3 

.17078 

.98531 

•1879s 

.98318 

.20507 

.97875 

.22213 

4)750 1 

10 

SI 

.17107 

.98536 

.18834 

.98313 

•20535 

.97869 

.22240 

4)7406 

9 

52 

.171.36 

.98521 

.18853 

.98207 

.30503 

.97863 

.aaa68 

4)7489 

8 

53 

.17164 

.98516 

.18881 

.98201 

.2059a 

•97857 

.22297 

4)7483 

7 

54 

•17193 

.98511 

.189TO 

.98196 

.20620 

.97851 

.22325 

.97476 

6 

55 

.17333 

.98506 

.18938 

.98190 

.30649 

.97845 

•22353 

.97470 

5 

56 

•17250 

.98501 

.18967 

.^185 

.20677 

.97839 

.22382 

4)7463 

4 

57 

.17279 

.^496 

.18995 

.98179 

.20706 

.97833 

.22410 

4)7457 

3 

58 

•17.308 

.98491 

.19024 

.98174 

.20734 

.97827 

.22438 

4)7450 

a 

50 

•17336 

4)8486 

•1905a 

.^168 

.20763 1 

.97821 

.22467 

4)7444 

X 

60 

.17365 

.98481 

.19081 

.98163 

•20791 

4)78 IS 

•2249s 

4)7437 

0 


Cosine 

Sine 

Cosine 

Sine 

Cosine I 

Sine 

1 Cosine 

Smi 

0 


80 ® 

1 79 ® 

1 78 ® 

1 77 ® 
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13® 

1 

16» 

160 


* 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

/ 

o 

.33495 

•97437 

.2419a 

.97030 

.35883 

4)6593 

.37564 

4)6126 

60 

I 

.a3533 

•97430 

.24320 

.97023 

.25910 

4)6585 

.37593 

.^118 

59 

3 

.33553 

4)7434 

.24249 

.97015 

4)7ood 

.35938 

4)6578 

.37630 

.^IIO 

58 

3 

^3580 

•97417 

.24377 

.35966 

4)6S7 o 

.37648 

.^102 

57 

4 

^3608 

•97411 

.34305 

.97001 

•35094 

.96562 

.27676 

.96094 

56 

S 

.33637 

.97404 

.34333 

.96994 

.26023 

4)6S5S 

.27704 

4)6086 

55 

6 

^3665 

.97398 

.34363 

.96987 

.36050 

4)6S47 

•37731 

.^78 

54 

7 

.^3693 

•07391 

.34390 

.96980 

.26079 

.96540 

.37759 

4)6070 

53 

8 

.33733 

.97384 

.3441S 

.96973 

.36107 

4)6533 

.27787 

4)6062 

sa 

9 

.33750 

•07378 

.24446 

.969^ 

.36135 

4)6534 

.37815 

4)6 oS 4 

St 

lO 

.33778 

•07371 

.24474 

.96959 

.36163 

4)6517 

.37843 

4)6046 

50 

IX 

.33807 

4>736 s 

.34503 

.96953 

.36191 

4)6509 

.27871 

4)6937 

49 

13 

.33835 

4)7358 

.24531 

4)6945 

.26319 

4)6 so 3 

.37899 

.96029 

48 

13 

.32863 

4)7351 

.34559 

•96937 

.36347 

4)6494 

.27927 

4)6021 

47 

14 

.33893 

4)7345 

.24587 

.96930 

.26275 

4)6486 

.37955 

4)6013 

46 

15 

.33930 

4)7338 

.24615 

.96923 

.26303 

j ^479 

.37083 

4)6005 

45 

i6 

.33948 

4)7331 

.24644 

.96916 

.36331 

4)6471 

.28011 

4)5997 

44 

17 

.32977 

4)7335 

.34672 

.96909 

.36359 

4)6463 

.28039 

4)5989 

43 

i8 

.33005 

4)7318 

.24700 

.96902 

.36387 

•96456 

.28067 

4)5981 

43 

19 

.33033 

4)7311 

.24728 

4)6894 

.26415 

.^448 

.28095 

.95973 

41 

30 

.33063 

4)7304 

.24756 

4)6887 

.26443 

4)6440 

.38123 

4)Sp64 

40 

3X 

.33090 

4)7398 

.24784 

4)6S8o 

.26471 

4)6433 

.28150 

4)5956 

39 

33 

.33118 

4)7301 

.24813 

4)6873 

.26500 

4/>42S 

.28178 

4)5948 

38 

«3 

.33146 

4)7384 

.24841 

4)6866 

.26528 

4)6417 

.28206 

.95940 

37 

34 

.33175 

4)7378 

.248^ 

4>68 s 8 

.26556 

4)6410 

.28234 

4)5931 

36 

as 

.33303 

4)7271 

.24897 

.96851 

<.36584 

.^402 

.2826a 

4)5933 

35 

36 

.33331 

4)7364 

.34935 

.^44 

.2661a 

.^394 

.28290 

4)59*5 

34 

a? 

.33360 

4)7357 

.34054 

4)6837 

.26640 

4)6386 

.28318 

.95907 

33 

38 

.33388 

4)7351 

.2498a 

4)6829 

.26668 

4)6379 

.38546 

4)5898 

33 

39 

J13316 

4)7344 

.25010 

.96823 

.26696 

4)6371 

.38374 

4)5890 

4)5883 

31 

30 

.33345 

4)7337 

.35038 

4)6815 

.26724 

4)6363 

.38403 

30 

31 

•33373 

4)7230 

.35066 

4)6807 

.26752 

4)6355 

.28439 

4)5874 

39 

3a 

.3340X 

4)7323 

.25094 

4)6800 

.26780 

.96347 

.38457 

4)S86 s 

aS 

33 

.33439 

4)7317 

.35133 

4)6793 

.26808 

4)6340 

J8485 

4)5857 

27 

34 

.33458 

4)7310 

.35151 

.^786 

.26836 

4)6333 

•38513 

4)5849 

36 

35 

.33486 

4)7303 

•35170 

4)6778 

.26864 

4)6324 

.38541 

4)5841 

as 

36 

.33514 

4)7196 

.35207 

4)6771 

.26892 

4)6316 

.38569 

4)5833 

34 

37 

•33543 

4)7189 

•35335 

4)6764 

.26920 

.^308 

.28597 

4)S8a4 

33 

38 

.33571 

•4)7182 

.35263 

4)6756 

.26948 

4)6301 

.28625 

.95816 

33 

39 

•33599 

4)7176 

.35391 

4)6749 

.26976 

4)6293 

.28653 

4)5807 

31 

40 

.33637 

4)7169 

.25320 

4)6743 

.27004 

4)6285 

.38680 

.95799 

20 

41 

.33656 

377163 

.35348 

4)6734 

.27032 

4)6277 

J8708 

4)5791 

19 

4a 

.33684 

4)7X55 

.35376 

4)6727 

.27060 

4)6269 

.28736 

4)5783 

x8 

43 

.33713 

4)7148 

.35404 

4)6719 

J7088 

4)6261 

.28764 

4)5774 

17 

44 

.33740 

4)7141 

.25433 

4)6713 

.27116 

4)6353 

.28793 

.95766 

x6 

45 

.33769 

4)7 »34 

.35460 

4)6705 

.27144 

4)6246 

.28820 

4)5757 

IS 

46 

.33797 

4)7X37 

.35488 

4)6697 

.27172 

4)6238 

.38847 

4)5749 

14 

47 

.33835 

4)7130 

.35516 

4)6690 

.27200 

4)6230 

.28875 

4)5740 

13 

48 

.33853 

4)7X13 

.35545 


.27228 

4)6223 

.28903 

4)5733 

13 

49 

J3883 

4)71 o 6 

.35573 

4)6675 

.27256 

4)6214 

.38931 

4)5734 

XI 

SO 

.33910 

.97100 

.35601 

4)6667 

.27284 

4)6206 

.28959 

.95715 

10 

51 

•33938 

.97003 

4)70.W 

.35639 

4>666 o 

.27313 

4)6198 

.28987 


9 

Sa 

.33966 

.35657 

4)6653 

.37340 

4)6190 

.39015 

8 

53 

.33995 

.97079 

.35685 

4)6645 

.27368 

.^182 

.29043 

.95600 

4)5681 

7 

54 

.34033 

.97073 

.35713 

.96638 

.37396 

.96174 

.^166 

.39070 

6 

55 

.34051 

.97065 

.35741 

.^30 

.37434 

.29098 

.95673 

5 

56 

.34079 

4)7058 

.35769 

4)6633 

.3745a 

.37480 

.96158 

.29x26 


4 

57 

.34108 

4)7051 

.35798 

.9^15 

4)6608 

4)6150 

.apiM 

.2918a 

3 

5« 

.34136 

.97044 

415836 

.37508 

.96143 

.95647 

2 


.34164 

4)7037 

.35854 

4)6600 

.37536 


.39209 

.95639 

I 

60 

.34193 

.97030 

.3588a 

4)6593 

.37564 

.39237 

.95630 

0 

• 

CoiDfz 

SiKt 

CoStNE 

Sine 

C08INI 

Son 

Cotmt 

Soft 



76® 

76® 1 

74® 

73® 
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IT* 1 

18 <» 1 

19 ° 1 

20° 1 


9 

Sms 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

9 

0 

.99237 

.95630 

.3090a 

4)5io6 

.32557 

.94552 

.34202 

.93969 

60 

I 

.99965 

4)5699 

.30929 

.95097 

.32584 

•9454a 

•34299 

•93959 

59 

2 

.29993 

.95613 

.30957 

.95088 

.3261a 

•94533 

•34257 

•93949 

58 

3 

.99391 

.95605 

.30^5 

•95079 

.32639 

.94523 

.34284 

.93939 

57 

4 

.99348 

.95596 

.3101a 

4)5070 

.32667 

•94514 

• 343 II 

.93929 

56 

5 

•89376 

•95588 

.31040 

•95061 

.32694 

.94504 

•34339 

•93919 

55 

6 

.29404 

.95579 

.31068 

.95052 

.32722 

•94495 

•34366 

•93909 

54 

7 

•29433 

4)5571 

.31095 

4)5043 

•32749 

.94485 

•34393 

.93899 

53 

8 

.39460 

.95562 

.31123 

•95033 

.32777 

.94476 

•34421 

•93889 

52 

9 

•99487 

•95554 

•31151 

.95024 

•32804 

.94466 

.34448 

•93879 

51 

10 

•29515 

4)5545 

•31178 

.95015 

.32832 

•94457 

•34475 

.93869 

SO 

II 

•29543 

4)5536 

.31206 

4)5006 

•32859 

•94447 

•34503 

.93859 

49 

13 

•29571 

.95528 

•31333 

.94997 

.32887 

.94438 

•34530 

.93849 

48 

13 

•29599 

•95519 

.31261 

.949^ 

•32914 

.94428 

•34557 

.93839 

47 

14 

.39626 

•95511 

•312S0 

.94979 

•32942 

.94418 

•34584 

•93829 

46 

15 

•29654 

4)5509 

.31316 

•94970 

.32969 

•94409 

.34612 

.93819 

45 

16 

.3968a 

4)5493 

.31344 

.94961 

•32997 

.94399 

.34639 

.93809 

44 

17 
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.95485 
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•94952 

•33024 

•94390 

.34666 

•93700 

43 
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•29737 
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4)4943 

•33051 

.94380 

.34694 
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42 

19 
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•31437 

.94933 

•33079 
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•93779 

41 

90 
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.94934 
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40 

91 
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-95450 
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•33134 
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39 

93 
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.34803 
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38 

23 
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84 
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.95398 
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33 

38 
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32 

89 
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.95380 

•31703 

.94842 

.33353 
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31 

30 
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33 

.30196 
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.94814 
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4)4795 

.33490 
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96 

35 
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as 

36 

•30237 

4 ) 53*9 
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24 
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23 

3S 

.3039a 
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4)4758 
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.35239 

.93585 

92 

39 

.30320 

4)5393 
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.94749 
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.35266 

.93575 

21 

40 
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.32006 
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•33655 

.94167 

•35293 

.93565 

20 

41 
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.94730 
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19 

42 
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18 

43 
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.33737 
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17 

44 

•30459 
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16 

45 

.30486 

4)5340 
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15 

46 
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4)5231 
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.34011 
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54 
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.34038 
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6 

55 
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Sins 

Cosine 

Sine 
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-39073 

.92050 
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49 

la 
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48 

13 
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33 

28 
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32 

29 
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•92300 
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>40141 
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41 
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>40168 
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.41760 
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19 

42 
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4)2913 
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.40195 
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■90851 

18 

43 
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4)2902 
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•92243 

.40221 
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.41813 
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17 

44 
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.92892 
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.40248 
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>41840 

4)0826 

16 

45 
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IS 
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.92209 
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47 
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.40434 

4)1461 

.42024 

4)074* 

9 

52 

.37245 

.92805 

•38859 

.92141 

>40461 

•91449 

.42051 

•90729 

8 

53 

•37272 

4)2794 

.38886 

4)2130 

.40488 

4)1437 

.42077 

.90717 

7 

54 

.37299 

4)2784 

•38912 

4)2119 

.40514 

4)1425 

.42104 

4)0704 

6 

55 

•37326 

.92773 

•38939 

4)2X07 

.4054* 

4)14*4 

.42x30 

4)0692 

5 

56 

•37353 

4)2762 

.38966 

4)2096 

.40567 

4)1402 

.42156 

4)o68o 

4 

57 

•37380 

4)275* 

•38993 

.92085 

.40594 

4)1.300 

.42183 

4)o668 

3 

58 

•37407 

4)2740 

.39020 

,92073 

.40621 

4)1378 

.42209 

.90655 

2 

59 

.37434 

4)2720 

•39046 

4>2062 

.40647 

4)1366 

•4223s 

.90643 

1 

60 

.3746* 

4)»7 i 8 

•30073 

4)2050 

.40674 

4)1355 

.42262 

4)0631 

0 












NATURAL SINES 


i6ll 



1 

26° 1 

27® 1 

28® 1 


$ 

Sms 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

C^INE 

f 

o 

^2262 

.90631 

.43837 

.89879 

.45399 

.89101 

-46947 

^^8295 

60 

2 
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.87504 

3 

58 

•43785 

•8990s 

.45347 
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Cosine 

Sine 

Cosine 
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•51504 

.85717 
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59 
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.86573 
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58 

3 
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.87420 
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.86559 
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57 
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55 
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54 
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53 

8 
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53 
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.55605 
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.55678 

•55702 
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.55847 
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.83867 
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.83835 

.83819 
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.83740 

.83734 
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.83676 
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.83613 

.83597 
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.83517 
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.83485 
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.83453 
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.83340 
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.56016 

.56040 

.56064 

.56088 

.56x12 

.56x36 

.56160 

.56x84 

.56208 

•56232 

.56256 

.56280 

.56305 

.56329 

.56353 

.56377 

.56401 

.56425 

.56449 

.56473 

.56497 

.56521 

.56545 

.56569 

.56593 

.566x7 

.56641 

.56665 

.56689 

.56713 

.56736 

.56760 

.56784 
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.56832 

.56856 

.56880 

.56904 

.56928 
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.76210 

30 

23 

.60691 

•79477 

.62069 

.78405 

.63428 

•77310 

.64768 

.76192 

38 

23 

.60714 

•79459 

.62092 

.78387 

.63451 

.77292 

434790 

.76173 

37 

24 

.60738 

•79441 

.62115 

.78369 

.63473 

.77273 

.64813 

.76154 

36 

2^ 

.60761 

.79424 

.62138 

•78351 

.63496 

.77255 

.64834 

.7613s 

35 

16 

.60784 

.79406 

.62160 

.78333 

.63518 

.77236 

.64856 

.76116 

34 

»7 

jSoSoj 

•79388 

.62183 

•78315 

.63540 

.77218 

.64878 

.76097 

33 

38 

A2830 

. 7937 X 

.62206 

.78297 

•63563 

.77100 

.64901 

.76078 

32 

29 

.60853 

•79353 

.62229 

.78279 

.63585 

.77181 

.64923 

.76059 

31 

30 

.60876 

.79335 

.62251 

.78261 

.63608 

.77163 

.64945 

.76041 

30 

31 

^>899 

.79318 

.62274 

.78243 

.63630 

•77144 

454967 

.7602a 

29 

32 

Uk >933 

.79300 

.62297 

.78225 

.63653 

.77125 

.64989 

•'6003 

38 

33 

.60945 

.79282 

.62320 

.78206 

.63675 

.77107 

.65011 

.75984 

27 

34 

.60968 

.79264 

.62342 

.78188 

.63698 

.77088 

.65033 

.7596s 

36 

35 

.60^1 

.79247 

.62365 

.78170 

.78153 

.63720 

.77070 

.65055 

•75946 

25 

36 

.61015 

.79229 

.62388 

•6374a 

.77051 

.6S077 

.75927 

24 

37 

.61038 

.79211 

.62411 

•78134 

.63765 

.77033 

455100 

.75908 

23 

38 

.61061 

.79193 

•62433 

.78116 

.63787 

.77014 

.65122 

.75889 

22 

39 

.61084 

.79176 

.62456 

.78098 

.63810 

.76996 

.65144 

.75870 

21 

40 

.61107 

.79158 

.62479 

.78079 

.63832 

.76977 

455166 

•75851 

20 

41 

.61130 

.79140 

.62502 

.78061 

.63854 

.76950 

.65188 

.75832 

19 

42 

.61153 

.79122 

.62524 

.78043 

.63877 

.76940 

.65210 

•75813 

18 

43 

.61176 

.7910S 

.62547 

.78025 

.63899 

.76921 

.65232 

•75794 

17 

44 

.61199 

.79087 

.62570 

.78007 

.63923 

.76903 

.65254 

•75775 

16 

45 

.61223 

.79069 

.6259a 

•77988 

.63944 

.76884 

A5276 

.75756 

IS 

46 

.61245 

.79051 

.62615 

.77970 

.63966 

.76866 

.65298 

•75738 

14 

47 

.61268 

•79033 

.62638 

•77952 

.63989 

.76847 

455320 

.75719 

13 

48 

.61391 

•79016 

.62660 

•77934 

.64011 

.76828 

.65342 

.75700 

12 

49 

•61314 

.78998 

.62683 

.77916 

•64033 

.76810 

.65364 

.75680 

II 

50 

.61337 

.78980 

.62706 

.77897 

.64056 

.76791 

.65386 

.75661 

10 

5 r 

.61360 

.78962 

.62728 

.77879 

.64078 

.76772 

455408 

.75642 

9 

52 

.61383 

.78944 

.62751 

.77861 

434100 

.76754 

.65430 

.75623 

8 

53 

.6(406 

! .78926 

.62774 

.77843 

434123 

•7673s 

.65452 

.75604 

7 

54 

.61439 

.78^ 

.78^1 

.62796 

.77834 

43414s 

.76717 

•65474 

.75585 

6 

55 

.61451 

.62819 

.77806 

434167 

.76698 

/15496 

.75566 

S 

56 

.61474 

.78873 

.62843 

.77788 

434190 

.76679 

.65518 

.75547 

4 


.61497 

.78855 

452864 

.77769 

' 43421a 

.76661 

.65540 

. 7 SSad 

3 

58 

45 x 520 


.62887 

.77751 

.64234 

.64256 

.7664a 

.6556a 

•75509 

a 


. 6 x 543 

.78819 

.62909 

•77733 

.76623 

.65584 

•75490 

I 

60 

j6is66 

.7880Z 

.6293a 

.777x5 

.64279 

.76604 1 

.65606 

.75471 

0 

/ 

CostNZ 

Sine 

Cosine 

Sine 

Cosine 

Sine 11 0 >sine I 

Sine 

/ 


62® II 

51® II 

60 

P 1 

49® 1 
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41° II 42° II 43° n 44° | 

Sine I Cosine Sine I Cosine Sine I Cosine Sine 1 Cosine ' 


o .65606 .75471 .66913 .74314 

I .65628 .7545a -66935 -74295 

a .65650 .75433 -66956 .74276 

3 .65672 .75414 -669; 8 .74256 

4 .65694 .75395 .66999 .74237 

5 .65716 .75375 -67021 .74217 

6 .65738 -75356 .67043 .74198 

7 -65759 -75337 .67064 .74178 

8 .65781 .75318 .67086 .71159 

9 .65803 .75209 .67107 .74139 

10 .65825 .75280 .37129 *74120 

11 .65847 .75261 .67151 .74100 

12 .65869 .75241 .67172 .74080 

13 .65891 .75222 .67194 .74061 

14 U55913 .75203 .67215 .74041 

15 .659^5 .75184 .67237 .74022 

16 .65956 .75165 .67258 .74002 

17 .65978 .75146 .67280 .73083 

18 .66000 .75126 .67301 .73963 

19 .66022 .75107 .67323 .73944 

20 .66044 .75088 .67344 -73924 

21 .66066 .75069 .67366 .73904 

22 .66088 .75050 .67387 .73885 

23 .66109 -75030 .67409 .73865 

24 .66131 .75011 .67430 .73846 

25 .66153 .74992 -6745a .73826 

26 .66175 -74973 -67473 -73806 

27 .66197 .74953 -67495 -73787 

28 .66218 .74934 .67516 .73767 

29 .66240 .74915 .67538 .73747 

30 .6626a .74896 .67559 -73728 

31 .66284 .74876 .67580 .73708 

3a .66306 .74857 .67602 .73<>88 

33 .66327 .74838 .67623 .73669 

34 .66349 .74818 .67645 .73649 

35 .66371 .74799 .67666 .73629 

36 .66393 .74780 .67688 .73610 

37 .66414 .74760 .67709 .73590 

38 .66436 .74741 .67730 .73570 

39 .66458 .74722 .67752 .73551 

40 .66480 .74703 .67773 -73531 

41 .66501 .74683 .67795 .73511 

42 .66523 .74664 .678x6 .73491 

43 -6654s -74644 -67837 -7347a 

44 .66566 .74625 .67859 .73452 

45 .66588 .74606 .67880 .7343a 

46 .66610 .74586 .67901 .73413 

47 .6663a .74567 .67923 -73393 

48 .66653 .74548 .67944 -73373 

49 .66675 .74528 .67965 -73353 

50 .66697 .74509 .67987 .73333 

SX .66718 .74489 .68008 .73314 

52 .66740 .74470 .68029 .73294 

53 .6676a .74451 .68051 .73274 

54 .66783 .74431 .6807a .73254 

55 .66805 .74412 .68093 .73234 

56 .66827 .74392 .68115 .73215 

57 .66848 .74373 .68x36 .73x95 

58 .66870 .74353 .68157 .73175 

59 .66891 .74334 .68179 .73155 

60 .66913 .74314 .68200 .73135 

* Cosine Sine Cosine Sine 

48° 4r 


.68200 .7313s .69466 .71934 60 

.68221 .73116 .69487 .71914 59 

.68242 .73096 .69508 .71894 58 

.68264 .73076 .69529 .71873 57 

.6828s .73056 .69549 .71853 56 

.68306 .73036 .69570 .71833 55 

.68327 .73016 .69591 .71813 ^ 

.68340 .72996 .69612 .71792 S3 

.6S370 .72376 .69633 .71772 52 

.68391 .72957 .69654 .71752 51 

.68412 .72937 69675 .71732 50 

.68434 .72917 .69696 .71711 49 

.68455 .72897 .69717 .71691 48 

.68476 .72377 .69737 .71671 47 

.68497 .72857 .69758 .71650 46 

.68518 .72837 .69779 .71630 45 

.68539 .72G17 .69800 .71610 44 

.68561 .72797 .69821 .71590 43 

.68582 .72777 .69842 .71569 42 

.68603 .72757 .69862 .71549 41 

.68624 .72737 .69883 .71529 40 

.68645 .72717 .69904 .71508 39 

.68666 .72697 .69925 .71488 38 

.68688 .72677 .69946 .71468 37 

.68700 .72657 .69966 .71447 36 

.68730 .72637 .69987 .71427 35 

.6S751 .72617 .70008 .71407 34 

.68772 .72S97^ .70029 .71386 33 

<68793 .72577 .70049 .71366 32 

.68814 .72557 .70070 .71345 ‘ 31 

.6883s .72537 .70091 .71325 30 

.68857 .72517 .7011a .71305 29 

.68878 .72497 .70132 .71284 aS 

.68899 .72477 .70153 .71264 27 

.68920 .72457 .70174 .71243 26 

.68941 .72437 .7019s .71223 as 

.68962 .72417 .70215 .71203 24 

.68983 .72397 .70236 .7118a 23 

.69004 .72377 .70257 .71162 22 

.6^25 .72357 .70277 .71141 21 

.69046 .72337 .70298 .71121 20 

.69067 .72317 .70319 .71100 19 

.69088 .72297 .70339 .71080 x8 

.69109 .72277 .70360 .71059 17 

.69130 .72257 .70381 .71039 16 

.69151 .72236 .70401 .71019 IS 

.69172 .72216 .70422 .70998 14 

.69193 .72196 .70443 .70978 13 

.69214 .72176 .70463 .70957 xa 

.69235 .72156 .70484 .70937 XX 

.69256 .72136 .70505 .70916 10 

.69277 .72116 .70525 .70896 o 

.69298 .72095 -70546 .7087s 8 

.69319 .72075 .70567 .70855 7 

.69340 .720SS .70587 .70834 6 

.69361 .72035 .70608 .70813 5 

.6938a .72015 .70628 .70793 4 

,69403 .71995 .70649 .7077a 3 

.69424 .71974 .70670 .7075a 2 

.69445 .71954 .70690 .70731 X 

.69466 .71934 I .7071X .707XX o 

Cosine Sins Cosine Sine 

46° 45° 
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4<> 1: 

1 6» 1 

1 6° 1 

i T 1 

1 

t 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec 

Sec. 

Co-fiBC. 

t / 

0 

1.0024 

14.33s 

1.0038 

21.474 

1.005s 

9-5668 

1.007s 

8.2055 

60 

1 

1.0025 

14.276 

1.0038 

11.436 

ix>oss 

9-5404 

IX07S 

8.1861 

59 

2 

1.0025 

14.217 

1.0039 

11.398 

14x356 

9-5141 

i.oo'»6 

8.1668 

58 

3 

1.0025 

14159 

1.0039 

11.360 

1.0056 

9.48^ 

1.0076 

8.1476 

57 

4 

1.0025 

14.101 

1.0039 

11.323 

1x056 

9.4620 

1.0076 

8.1285 

56 

5 

1.0025 

14.043 

1.0039 

11.286 

1.0057 

9.4362 

1.0077 

8.1094 

55 

6 

IX»026 

13.986 

i2x>40 

11.249 

1.0057 

9.4105 

1.0077 

8x905 

54 

7 

1.0026 

13-930 

12D040 

IX.213 

1.0057 

9-3850 

1.0078 

8.0717 

S3 

8 

1XX326 

13.874 

1.0040 

11.176 

1.0057 

9-3596 

1.0078 

8.0529 

53 

9 

1.0026 

13.818 

1.0040 

11.140 

1.0058 

9-3343 

1.0078 

8.0342 

51 

10 

1.0026 

13-763 

1.0041 

II.104 

1x058 

9.3093 

1.0079 

8.0156 

50 

XI 

1.0027 

13.708 

1.0041 

11.069 

1x058 

9.284a 

[ 1.0079 

7.9971 

49 

xa 

1.0027 

13.654 

1.0041 

11 033 

1x059 

9-2593 

1.0079 

7-9787 

48 

13 

1.0027 

13.600 

1.CX541 

10.988 

1.0059 

9 2346 

1.0080 

7.9604 

47 

^4 

1.0027 

13.547 

1.0042 

10.^3 

1.0059 

9.2100 

1.0080 

79421 

46 

IS 

X.0027 

13.494 1 

1.0042 

10.929 

1.0060 

9 -i 8 s 5 

1.0080 

7 0240 

45 

16 

1.0028 

13.441 

XX>042 

10.894 

1.0060 

9 1613 

IX081 

7-9059 

44 

17 

1.0028 

13-389 

1.0043 

10.860 

1.0060 

9-1370 

1.0081 

7.8879 

43 

18 

1.0028 

13-337 

1.0043 

X0.826 

1.0061 

9 1129 

1.008a 

7.8700 

43 

10 

1.0028 

13.286 

1.0043 

10.79a 

1.0061 

9 0S90 

i.ocSa 

7.852a 

41 

so 

1.0029 

13-235 

1.0043 

10.758 

1.0061 

9x651 

1.008a 

7-8344 

40 

ax 

1.0029 

13.184 

1XXD44 

io.7as 

1.006a 

9.0414 

1x083 

7.8168 

39 

22 

1.0029 

13 1.34 

I2D044 

10.692 

I 006a 

9.0179 

1.0083 

7.7993 

38 

a3 

1.0029 

13.084 

1.0044 

10.659 

1.0062 

8.9944 

1.0084 

7-7817 

n 

24 

1.0029 

13034 

1.0044 

10.626 

1.0063 

8.9711 

1.0084 

7-7643 

! 36 

25 

l.OO^^O 

12.985 

1.0045 

10.503 

1.0063 

8.9479 

8.9248 

1.0084 

7-7469 

35 

a6 

1.0030 

12.937 

1.0045 

20.561 

1.0063 

1.0085 

7-7396 

34 

27 

1.0030 

12,888 

1.0045 

10.529 

1.0064 

8.9018 

1.0085 

7.7134 

33 

a8 

1.0030 

12.840 

1.0040 

10.497 

1.0064 

8 8790 
88^63 

1.0085 

7-6953 

33 

29 

1.0031 

12.793 

1.0046 

10.465 

1.0064 

1.0086 

7-6783 

31 

30 

1.0031 

' 12.745 

1.0046 

10.433 

1.0065 

8.8337 

1x086 

7-6613 

1 30 

31 

1.0031 

12.608 

1.0046 

10.402 

1.0065 

88iia 

1.0087 

7.6444 

^ 29 

33 

1.0031 

12.652 

1.0047 

10.371 

1.0065 

8.7888 

8.766s 

1.0087 

7.6276 

1 38 

33 

1.0032 

12,606 

1.0047 

10.340 

1.0066 

1.0087 

7.6108 

27 

34 

1.0032 

12.560 

1.0047 

10.309 

1.00^)6 

8.7444 

X.0088 

7-5943 

26 

3S 

1.0032 

12.514 

1.0048 

10.278 

10.248 

1.0066 

8.7223 

1.0088 

7-5776 

as 

3^ 

1.0032 

12.460 

1,0048 

1.0067 

8.7004 

1.0089 

7.5611 

*4 

37 

1 0032 

12.424 

1.0048 

10.217 

1.0067 

8.6786 

8.6569 

1.0089 

7-5446 

33 

38 

1.0033 

12.379 

1.0048 

10.187 

1.0067. 

1.0089 

7.5282 

aa 

39 

1.0033 

12.335 

1.0049 

10.157 

1.0068 

86353 

1.0090 

7.5119 

21 

40 

1.0033 

12.291 

1.0049 

10.127 

1.0068 

8.6138 

10090 

7-4957 

20 

41 

1.0033 

12.248 

1,0049 

10.098 

1.0068 

8.5934 

1.0090 

7-4795 

19 

42 

1.0034 

12.204 

1.0050 

10.068 

1.0069 

8.5711 

1.0091 

7-4634 

x8 

43 

1.0034 

]2.i6i 

1.0050 

10.039 

1.0069 

8.5409 

1.0091 

7-4474 

17 

44 

1.0034 

12.118 

1.0050 

10.010 

1.0069 

8.5289 

1.009a 

7.4315 

x6 

45 

1.0034 

12.076 

1.0050 

9.981a 

1.0070 

8.5079 

1.009a 

7-4156 

IS 

46 

10035 

12X>34 

1.0051 

99525 

1.0070 

8.4871 

1.009a 

7-3998 

14 

47 

10035 

11 .<^)2 

1.0051 

9-9239 

1x070 

8.4663 

X.0093 

7-3840 

13 

48 

1.0035 

11.950 

1.0051 

9-8955 

1.0071 

8.4457 

1.0093 

7.3683 

xa 

49 

1.003s 

1I.0O0 

1.005a 

9.8672 

1.0071 

8.4251 

1.0094 

7.3527 

11 

SO 

12X>36 

11.868 

ix>05a 

9.8391 

IX071 

8^4046 

t.0094 

7-3373 

XO 

51 

1.0036 

11.828 

1.0052 

9.8112 

1.007 a 

8.3843 

1.0094 

7-3217 

9 

53 

X.0036 ! 

11.787 

I.0053 

9-7834 

1x07a 

8.3640 

1.0095 

7.3063 

8 

53 

1.0036 

XI.747 

X.0053 

9-7558 

1.0073 

8.3439 

X.0095 

7.2909 

7 

54 

1.0037 

XI.707 

X.OOS3 

9.7283 

1.0073 

8.3238 

1.0096 

7-3757 

6 

55 

1.0037 

11.668 

1.0053 

9.7010 

1.0073 

8.3030 

1.00^ 

7.2604 

S 

S6 

14X537 

XI. 628 

1.0054 

9.6739 

1.0074 

8.2840 

1.0097 

7-3453 

4 


1.0037 

H.589 

1.00 54 

9.6469 

1.0074 

8.2642 

1.0097 

7-2302 

3 

sd 

1.0038 

11.5.50 

1.0054 

Q.6200 

1.0074 

8.2446 

1.0097 

7-3IS3 

a 

50 

14)038 

11.512 

1.0055 

9-5933 

1.0075 

8.2250 

1.0098 

7.aooa 

I 

5o 

1.0038 

11.474 

l-ooss 

g.5668 

1.0075 

8.2055 

1.00^ 

7-1853 

0 

/ 

Co-SEC. 

Sec. 

Co-BSC. 

Sec. 

CO-SEC. 

Sec. 

Co-SEC. 

Sec. 

/ 


1 85 ® i 

II 84 ® ! 

83® 

1) 82 ® 
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12 <* (I 

i w” II 

14 ® |i 

1 16 ® 1 


/ 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

/ 

0 

1.0233 

4.8097 

1.0263 

4-4454 

1.0306 

4.1336 

1.0353 

3-8637 

60 

I 

1.0324 

4.8033 

1.0264 

4-4398 

1.0307 

4.1287 

1.0353 

3-8595 

5 ? 

a 

1.0335 

4.7966 

1.0264 

4-4342 

1.0308 

4.1239 

1 . 035 ^: 

3-8553 

58 

3 

I. 023 S 

4.7901 

1.026s 

4.4287 

1.0308 

4.1191 

1.0355 

3-8512 

57 

4 

1.0226 

4.783s 

1.0266 

4-4231 

1.0309 

4.1144 

1.0356 

3.8470 

56 

5 

1.0236 

4.7770 

1.0266 

4.4176 

1.0310 

4.1096 

1.0357 

3.8428 

55 

6 

1.0337 

4.7706 

1.0267 

4.4121 

1.03H 

4.1048 

1.0358 

3-8387 

54 

7 

1.0228 

4.7641 

1.0268 

4-4065 

1.0311 

4.100Z 

1.0358 

3-8346 

53 

8 

1.0228 

4.7576 

1.0268 

4.4011 

1.0312 

4.0953 

1.0350 

3-8304 

52 

9 

1.0229 

4.7512 

1.0269 

4-3056 

1.0313 

4.0906 

1.03O0 

3-8263 

5 * 

10 

1.0230 

4.7448 

1.0270 

4.3910 

1.0314 

4.0859 

1.0361 

3.822a 

50 

ir 

1.0230 

4.7384 

1.0271 
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O® Table of Logarithmic Sines—Cosines 179*^ 


M. 

( 

Sin. 

D. 1". 

Coa. 

D. i". 

Tan. 

D. 1". 

Cot. 


0 

z 

a 

3 

i 

1 

1 

9 

xo 

IX 

xa 

»3 

*4 

ll 

*9 

ao 

ax 

aa 

as 

*4 

li 

ll 

*9 

30 

3X 

3a 

33 

34 

li 

ll 

39 

40 
4* 

43 

43 

44 

a 

li 

49 

50 

5X 

53 

53 

54 

li 

ll 

U 

— 00 
6.463726 
.764756 

.940847 

7.065786 

7.162696 

.241877 

.308821 

.366816 

417968 

7463726 

.505118 

.542906 

.577668 

.609853 

7.63^16 

.667845 

.694173 

.718997 

.742478 

7-764754 

mi 

.825451 

.843934 

7.861662 

.878^5 

.89508s 

.910879 

.926119 

7.940842 

.955082 

.968870 

.982233 

.9951^8 

8.007787 

.020021 

.031919 

.043501 

.054781 

8.065776 

.076500 

.08^5 

.097183 

,107167 

8.116926 

.126471 

.135810 

.144953 , 
.153907 

8.162681 

.171280 

.179713 

.187985 

.19610a 

8.304070 

.aiiSos 

.219581 

.227134 

.234557 

8.34x855 

5017.17 
2934.85 

2082.32 

1615.17 
1319.68 

1115.73 
966.53 
052.53 

762.63 

689.87 

629.80 

579.37 
53642 

499.38 

467.15 

438.80 

413.73 
391.35 

371.27 

353.15 

336.72 
321.75 

308.05 

295.47 

283.88 

273.17 

263.23 
254.00 

245.38 
237.33 

229.80 

222.72 
216.c8 
209.82 
203.90 

198.30 

193.03 

188.00 

183.25 

178.73 

174.42 
X70.30 
166.40 

162.65 
159.08 

155.65 

152.38 

149.23 

146.23 

143.32 

140.55 

137.87 

135.28 

232.80 

130.42 

la8.io 

125.88 
123.72 

121.63 

10.000000 

.000000 

.ooocoo 

.000000 

.000000 

10.000000 

9.999999 

•999999 

•999999 

.999999 

9.990998 

.999998 

.999997 

.999997 

.099996 

9.999996 

•999995 

.999995 

.999994 

.999993 

9.999903 

.999992 

.999991 

.999^ 

.999989 

9999 ^ 

.999988 

.999^7 

.999986 

.999985 

9999983 

.999982 

.999981 

.999980 

.999979 

9-999977 

.999976 

.999975 

.999973 

.999972 

9.999971 

.999969 

•999^768 

,999966 

.999964 

9999963 

.999961 

.999959 

•999958 

•999956 

9.999954 

•999952 

•999950 

•999918 

.999946 

9.999944 

•999942 

.999940 

.999938 

.999936 

9-999934 

.00 

.00 

.00 

.00 

.02 

.00 

.00 

.00 

.02 

,00 

.02 

.00 

.02 

.00 

.02 

,00 

.02 

.02 

.00 

.02 

.02 

.02 

.02 

.00 

.02 

.02 

.02 

,02 

.03 

.02 

.02 

.02 

.02 

.03 

.02 

.02 

.03 

.02 

.02 

-03 

.02 

.03 

.03 

.02 

.03 

.03 

.02 

.03 

•03 

•03 

•03 

.03 

.03 

.03 

.03 

.03 

.03 

.03 

.03 

— 00 

6.463726 
.764756 

.9-10847 

7.065786 

7.162696 

.241878 

.308825 

.3^817 

.417970 

7.463727 

.505120 

.542909 

.577672 

.609857 

7.639820 

.^7849 

.694179 

.719003 

.742484 
7.764 761 
.785951 

.806155 

.825460 

.843944 

7.861674 

.878708 

.895099 

.91o8>>4 

.926134 

7.9J0858 

.955100 

.968889 

.982253 

.095219 

8.007809 
.0200.} 4 

•031945 

. 043-527 

.054S09 

8.065806 

•076531 

.086997 

.097217 

.107203 

8.116963 

.126510 

.135^51 

.144996 

.153952 

8.162727 

.171328 

■IKI 

.196156 

8.204126 

.211953 

319641 

.227195 

.334621 

8.241921 

5017.17 
29.34.85 

2( 82.32 

1615.17 
1319.70 
1115.78 

966.53 

052.55 

762.62 

689.88 

629.82 

579.38 

536.42 

499.38 
467.15 

438.83 

413.73 

391.35 

371.28 

353.17 

356.73 

321.75 

308.07 

295.50 

283.90 

273.18 

263.25 
254.00 
245.40 

237.37 

229.82 

222.73 
216.10 

209.83 
203.92 

198.35 
19-5.03 

188.03 

183.28 

178.75 

174.43 

170.33 

166.43 
162.67 

159.12 

155-68 

152.42 

149.27 

146.25 

143.35 

140.58 

137.88 

135.33 

132.83 

130.45 

128.13 

125.90 
123.77 

iai.67 

— 00 

3.536274 

.235244 

.059153 

2.934214 

2.837304 

.75812a 

.691175 

.633183 

.582030 

2.536273 

494880 

457091 

.422328 

.390143 

2.360180 

.332151 

.305821 

.280907 

.257516 

2.235239 

.214049 

.193845 

.174540 

.15^56 

2.138326 

.121292 

.104901 

.0S9106 

.073866 

2.059142 

.044900 

.031111 

.017747 

.004781 

1.992191 

.979956 

.9^8055 

.956473 

.945191 

1.934194 

.923469 

.913003 

.902783 

.892797 
1.883037 
.873490 
.864149 
.8550^ 
.846048 

1.837273 

.82867a 

.820237 

.811964 

.803844 

1.795874 

.788047 

.780359 

.7^805 

.765379 

1.758079 

60 

li 

|e 

55 

54 

53 

52 

51 

50 

J3 

46 

45 

44 

43 

42 

41 

40 

ll 

37 

36 

35 

34 

33 

32 

31 

30 

27 

a6 

25 

24 

23 

aa 

ax 

ao 

\l 

ll 

15 

14 

13 

xa 

XX 

xo 

1 

1 

5 

4 

3 

9 

I 
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8.241S55 iig.63 

.24^33 

.256094 iii.8o 

.263042 ^ ^ 

.26^^; \,tT2 

8.276614 

’ 2^--3 

107.23 
•296-0/ J05.65 

.302546 104.13 
8.308794 102.67 

.3^4954 101.22 1 

•321027 ^.S2 

.327016 g .7 
. 332924 Q 7 1 5 1 
8.338753 ^5.851 

•344504 ^.62 I 

9i.37i, 

.355/oj 02.20 1; 

.361315 91.031: 

8.366777 89.90 . 

•372171 S8.bo ! 
. 3 W '9 87.72 

:SS! g:!; 
•;SS l^:S! 

•403199 8I7O 
•4081^1 81.78 

> .413068 

. 8.417919 79.9 

.422717 

, .427462 '^^2 

I -432156 ' 

[ .436800 

: 8.44x394 L.7 

; .445941 74,9 

r .450^0 

I .454893 ^5.4 

) .459301 


40 8.463665 I 


.467985 

.472263 
.476498 
.480693 

47 .493040 

4« .497078 

49 .501080 

50 8.505045 

5a .512867 

53 .516726 

54 .52055* 

55 8.524343 

56 .528102 

57 .53x828 

58 .535523 

g «* 539 x 86 

8.542819 


9*999934 

.999932 

.999929 

.999927 

.999925 

9.099922 

.999920 

.9999*8 

. 9999*5 

.9999*3 

9.9(79910 

• 999^^7 
.999905 
.997902 
.999899 
9 . 9 '» 9 S (*7 

.999894 

. 9 t^S( 7 i 

.99^888 

.999885 

9*999882 

.99*7879 

.909876 

.999873 

.999870 

9 * 999'^>7 

.999.864 

.99986* 

.999858 

.999854 

9.99985* 

.999848 

.999844 

.999841 

.999838 

9*999834 

.99983* 

.9^79827 

.999824 

.999820 

9.9998*6 

. 99 ^ 8*3 

.999809 

.999805 

.999801 

9*999797 

.999794 

.999790 

.999786 

,999782 

9.999778 

.999774 

.999769 

.999765 

.999761 

9*999757 

.999753 

i .999748 

1 .999744 

.999740 

9 * 9997.35 


8.241921 ii„ 68 
•249*02 

.256165 113.S3 

•263**5 11^.02 

.26(K)56 112 2S 

8.2766*71 110:53 

.2S3323 ioS.88 
•289856 107.27 

.296292 103-0 

.302634 104.17 

8*3o88‘^4 102.70 

.3*5046 101.27 

.321122 99.87 

.327114 98.52 

.333025 97. X3 

8.338856 95.90 

.344610 94.65 

93.43 

.3:55895 92.25 

.361430 91.08 

8.366895 go 05 

.372292 88.83 

•877622 

.382869 3^-2 

.388092 85.-0 

8.3932.54 84.68 

.398315 83.72 

.403358 82.77 

.408304 gl.AJ 
1 *4*32*3 80,93 

8.4180^ 80.03 

.422869 -Q je 
.4276*8 

.4323*5 77.4.5 

.436962 

8.441560 -5.Hi 

.4461*0 75.0* 

.450613 74. 

.455070 '5, 

.45946* tiX 

8.463849 72 O' 

.468172 

.472454 ^0.6; 

.476^3 69.9) 

.480892 

8.485050 (g.g 
.489170 68.0 

.493250 67.3 

.497293 66.7 

.50*298 66.1 

8.505267 5. c 

t .509200 64.9 

: ti:i 

: ‘ 3 .= 

.5283^ 62.] 

.532080 61. < 

.535779 6 x.: 

i .539447 60. < 

* 8.543084 


1.758079 60 

.750898 50 

* 743835 58 

.73^85 57 

.730044 56 
1.723309 55 

.7*6677 54 
.7*0*44 53 

.703708 53 

.697366 51 

1.691x16 50 

.684054 49 
.67^78 43 
.672886 47 

.666975 46 
1.661144 45 
.655390 44 
.649711 43 

.644105 43 

.638570 41 

1.633105 40 

.627708 39 

.622378 38 

.617111 37 

.611908 36 

X.606766 35 

.601685 34 

.596662 33 

.59*696 33 
.586787 31 

1.58*932 30 
.577*3* *9 

.572182 a8 
.567685 a; 
.563038 a6 
1.558^0 as 
.553890 84 

.549387 *3 

.544930 aa 
.5405*9 ax 
1.536*5* ao 

.531828 XQ 

.527546 x8 
.523307 X 7 
.519*08 xo 
1.5*4950 X 5 
.510830 X4 
.506750 X 3 
.502707 13 

.498702 II 

i .'494733 xo 


.490800 

.486902 

.483039 

.479210 

1.4754*4 

.47*65* 

.467920 

.46^21 

.460553 

1.4569*6 
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M. Sin. D. i". ij Cos. D. i". Tan. D. i". Cot. 


o 8.542819 
I .546422 
a .549995 

3 .553539 

4 .557054 

e 8.560540 

6 .563^^ 

7 .567431 

8 .570^536 

9 .574214 

10 8.5775^*6 

IX .5'^y»2 

12 .5*^103 

13 .5-''7/'9 

14 .590721 

15 8.50394 3 

10 *.597152 
17 .600332 

i 18 .6034^ 

ig .606623 

I ao 8.609734 
! 21 .612S23 

i 23 .615891 

23 .618937 

24 .621962 

25 8.624fM 

20 .627943 

?7 .630011 

to .633854 
ag .636776 

30 8,639680 

31 .642561 

32 .645428 

33 .648274 

34 .651102 

35 8.653911 

36 .656702 

37 .659475 

1 38 .662230 

39 .6649^ 

40 8.667689 

41 .670393 

4a .673080 

43 .675751 

44 .678405 

45 8.6S1043 

46 .683665 

47 .680272 
4 & .688861 ' 

49 .691438 

50 8.691998 

51 . 6^543 

5a .699073 
53 .7015^ 


9-9'99735 

.999:3^ 

.999726 

.999722 

.999717 

•999708 
.999704 
. 9996‘>9 
.999694 

9.9996S9 

.999OS5 

.9996S0 

.999675 

.999670 

9.999665 

.99(/>6 o 

.99^55 

.999650 

-999645 

9.999640 

.9^)9635 

.999629 

.999624 

.999619 

9.990614 

.9CK)6 o8 

.999603 

.999597 

•999592 

9.999586 

.9*^581 

.999575 

.999570 

.<><^)564 

9.99‘A558 

-99^)553 

.9995-17 

.9995-41 

.999535 

9.999529 

.999524 

.999518 

.999512 

.999506 

9.999500 

.999403 

.999487 

.999481 

.999475 

9.999469 

.999463 

.999456 

.999450 

.999443 

9.999437 

.999431 

.999424 

.999418 

.999411 

9.999404 


8.543084 

.5.16691 

.550268 

.553817 

.557336 

8.560828 
.564291 

I .567727 
1 -571137 

I .574520 

' s.577877 

I . 5S1208 

I .584514 
1 .587795 
.591051 

! 8.5<H2S3 
1 .597492 
I .600677 
' .603S39 

: . 60^78 

. 8.610094 
.6131^9 
, .616262 

.619313 

' .622343 

I 8.625352 
A .6283.50 
: . 6313<'8 
!| .634256 

I .6371W 

8.640003 
ij .642982 

I .645853 

II .648704 

j .651537 

I 8.654352 

.657149 
I .659923 
} .662689 

I .665433 

8.668160 

.670870 

.675563 

.676239 
.678905 
8.631544 
.6S4172 
,636784 
.6St)3Si 
.691^3 

8.694529 

.6<)7oSi 

.699617 

.702139 

.704646 

8.707140 

.70^18 

.712OV83 

.7145.34 

.716972 

8.719396 


1.456916 60 

.453309 59 

.449732 58 

.446183 57 

.442664 56 

1.439172 55 

.435709 54 

.432273 53 
.42S8f>i 52 

.4254S0 51 

1.422123 50 

.41S792 4a 
.4154^6 48 

.412205 47 

.408949 46 
1.405717 45 

.402508 44 

.599323 43 

.396161 4a 
.393022 4X 
1.389^ 40 

. 386811 39 

.383738 38 

.380687 37 

.377657 36 

1.374648 35 

.371660 34 

.368692 33 

.365744 32 

.362816 31 

1.359907 30 

.357018 20 

.354147 38 

.351296 37 

.348463 a6 
I. 34564s as 
.342851 24 

.340072 ‘33 
.337311 aa I 

.334567 ax 

1.331840 20 

,329130 xg 

.326437 xo 

.323761 17 

.321100 x6 
1.318456 15 

.315828 14 

.313216 13 

.310619 la 
.308037 IX 


Tan. M. 
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o 8. 71S800 

1 .721204 

a .723595 

3 .725972 

4 .72S317 

5 8.73o65s 

6 .733027 

7 .735354 

8 .737667 

9 .739969 

10 8.742259 
“ .744536 

12 .746802 

13 .749055 

24 .751297 

25 8.753528 

>5 .755747 

*7 .757955 

i8 .760151 

*9 .762337 

ao 8.764511 
2X .766675 

22 .76SS28 

23 .770970 

24 .773101 

25 8.775223 

ao .777333 

27 .779434 

28 .781524 

29 . 7S3605 

8.785675 
.787736 
.789787 

,791828 

793859 

8.795881 

.797894 
.799897 

.fe)i8^ 
.803876 

8.805852 
.807819 

.809777 
.811726 
.813667 

8.815599 

.817522 
.819436 
.821343 

.823240 

8.825130 
.827011 
.82^4 

.830749 

.832607 
8.83^56 
.83^97 
.838130 

.839956 * 


9.999404 

.999398 

.999391 

.9993‘M 

.999378 

9-999371 

.999364 

.999357 

.990350 

•999343 

9*999336 

.999329 

.999322 

.999315 

.9^)9308 

9.99*9301 

.999294 

.999287 

.999279 

.999272 

9.999265 

.99*9257 

.999250 

.999242 

.999235 

9.999227 

.9<')9220 

.999212 
.999205 
.9l»9i97 
9.999189 
.9->9181 

.999174 

.999166 

.999158 

9.999150 

.999142 

.999x34 

.999126 

.9991x8 

9.999110 

.999x02 


.999077 

9.999069 

.999061 

.999053 

.999044 

.999036 

9.999027 

.999019 

.9990x0 

.998950 

9.998941 


.724204 
.726588 
.72S959 

.735996 


8.742922 
•745207 
.747479 

.749740 

.75x989 

8.754227 

.756453 
.758^ 
.7^72 
.763065 
8.765246 

.7674x7 

.769578 

I 8.775995 
.778x14 

.7S0222 
.7S2320 
.784408 
8.786486 
.788554 

.790613 

j .792662 

.794701 
8.796731 
.798752 
.800763 
.802765 
.804758 

8.806742 
.808717 
.810683 
.812641 
.814589 
8.816529 
.818461 
.820384 
.822298 
.824205 

8.826103 
.827092 
.829874 
.831748 
.833613 
8.835471 
.837321 
.839x63 
.840998 
.842825 

8.844644 


1.280604 60 

.278x94 59 

.275796 58 

.2734*2 57 

.27ian 56 
1.268683 55 

.266337 54 

.264004 53 
.261683 52 

.259374 5X 
1.257078 50 

.254793 49 

.252521 48 

.250260 47 

.248011 46 

1.245773: 45 
.243547 44 
.24x332 43 

.239x28 42 

•236935 41 
I.234754 40 
•232583 39 

.230422 38 

.228273 37 

.226134 36 

1.224005 35 

.221886 34 
•219778 33 
.217680 32 

.215592 31 
J-213514 30 
.211446 20 

.209387 38 
.207338 27 

.205299 26 

I.203260 25 

.20x348 24 

• 199237 23 

• 197235 *2 

.195242 21 
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Sin. 
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Cos . 

I> 1".! 
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D. 1". 

Cot. 


0 

X 

3 

3 

4 

1 

1 

9 

xo 

XX 

xa 

13 

14 

11 

ll 

J 9 

30 

ax 

33 

23 

24 

ll 

ll 

39 

30 

3 * 

33 

33 

34 

li 

39 

40 
4 * 

42 

43 

44 

Ji 

JJ 

« 

50 

51 

52 

53 

54 

g 

8 . 8435«5 

.845387 

.847183 

.848971 

.850751 

8.852525 

.854291 

.856049 

.857801 

.859546 

8.861283 
.863014 
.864738 
. 86 <L |55 
.86H163 
8.869868 

.871565 

.873255 

.874938 

.876615 

8.878285 

.879949 

.881607 
.883253 
.884903 
8.886542 
.888174 
.889^1 
.S91421 

.893035 

8,894643 
. 8^246 
.897842 

.899432 

.901017 
8.902596 
.904169 

.905736 

.907297 

.908853 

8.910404 
.911949 
.9*3488 
.915022 
.916550 
8.918073 1 

.9*9591 

.921103 

.922610 

.924113 

8.925609 

.927100 

.938587 

.930068 

.93*544 

8.933015 

.934481 

.935942 

.937398 

.93^50 

8.940396 

30.03 

29.93 

29.80 

29.67 
29 .57 

29.43 
29.30 

29. 20 
29.08 

28.95 

28.85 
28. 73 

28.62 
28. 50 

28.38 
28. 23 
28.17 
28.05 

27.95 
27.83 

27 .73 

27.63 

27.52 

27.42 
27 - 32 
27. 20 
27.12 
27.00 
26.90 
26.^ 

26.72 

26.60 
26.50 

26.42 
26. 32 
26. 22 
26, 12 
26, 02 

25.93 

25 .85 

25. 7.5 
25.65 
25. 57 
25 .47 

25.38 
25. 30 
25. 20 
25. la 

25.03 
24-95 

24.85 
24.78 

24.68 

24.60 

24 .52 

24.43 
24.35 

34.27 
24.20 
24.10 

9.998941 

.998932 

.998923 

.9989*4 

^ 99 ^ 

.998878 

. 9‘>8869 

,998860 

9.998851 
.998841 
.9^32 
.998823 
.998813 
9. 9‘>8So4 

.998795 

.998785 

.998776 

.998766 

9.998757 

.9*98747 

• ^>98738 
.998728 
.998718 
9. 9<>S7o8 
. 9)8609 

.998679 

.998669 

9.998659 

.998649 
, 9<>8639 
.998629 
.998619 
9.9^609 

.998599 

.998589 

.998575 

.998568 

9- 90S558 
.9)8548 
.998537 
.998527 

.998516 

9.998506 

.998495 

.998485 

.998474 

.998464 

9.998453 

.998442 

.998431 

.998421 

.9984*0 

.998377 

.998366 

.998355 

9.998344 

.*5 

-15 

.15 

.15 

.15 

.15 

• 15 

• 15 

.*5 

.15 

.17 

.^5 

.*5 

.17 

.15 

.*5 

.17 

.*5 

.17 

.*5 

.17 

.15 

.17 

.17 

.17 

.15 

.17 

.17 

.17 

.17 

.*7 
.*7 
. 17 

.17 

.*7 

.17 

.17 

.18 

.17 

.17 

;:5 

■M 

■M 

■M 

■M 

.13 

.13 

.18 

.18 

.13 

.18 

.13 

.13 

8.844644 

.8464S5 

.848260 
.850057 
.851846 
8.853628 

.855403 

-85717* 

.858032 

.86o6h6 

8.862433 
.864173 
.8659^ 
.867632 
.869351 
8.871064 
.872770 
.874469 
.876162 

.877849 

8.879529 
.881202 
.882S69 
.884530 
.S86185 
8.SS7833 
.889476 
.891112 
.892742 
.894366 

1 8.895984 

. S 975<>6 

.899203 

.900803 
.90230S 
8.9039S7 
.905570 

.907147 

.908710 

.910285 

8.911846 

.913401 

.9*4951 

.916495 

.9180M 

8.919563 

.921096 

.922619 

.924136 

.925649 

8.927156 

.92865S 

.930155 

.931647 

.933*34 

8.934616 

.936093 

1 .937565 
.939032 
.940494 

8.941952 

30.18 
30. 

29.05 

29.82 

29.70 
29 - 58 

29.47 
29 .35 
29.23 

29.12 

20.00 
28, 88 

28.77 

28.65 
28. 55 
28.43 
28. 32 
28. 22 
28. 12 

25. 00 

27 .83 
27. 78 
27.68 
27.58 

27.47 
27.38 
27.27 

27.17 

27.07 
26.97 

1 26.87 

26. 78 
26.67 
26. 58 

26.48 
26, 38 
26. 28 
26. 20 
26. ro 
26.02 

25.92 

25.83 
25.73 

25.65 
25-57 
25.47 
25. 38 
25. 28 
25. 22 

25.12 

25.03 

24.95 

24. §7 

24.78 

24.70 

24.62 

24.53 

24.45 

24.37 

24.30 

1. *55356 
. * 53.545 
.151740 
.14^3 
.148154 

I.146372 

.144597 

.142829 
.141068 
•* 393*4 

1 . 137.567 
.135S27 
.134094 

. 132368 
.130649 

1.128936 
.127230 
.125531 
.123833 
.122151 

1.T20471 
.11S79S 

.117*31 

.115470 

.113815 

X.112167 
.110324 
.10S8S8 
.107258 
.105634 

1.104016 
.102404 
.100797 
.099197 
.097602 
1.0^13 
.094430 
.092853 
.001281 
.089715 

1.0S8154 

.0S6599 

.0S5049 

,083505 

,0819^ 

1.080432 

.078904 

.077381 

.075864 

.074351 
X,072844 

X 

S 

1.065384 

.063907 

.059506 
X. 058048 

60 

ll 

56 

55 j 
54 ! 
53 

52 ' 
5 * i 

50 

48 

46 

45 

44 

43 

42 

4 * 

40 

It 

37 

36 
35 
34 
33 

33 

3 * 

30 

ll 

37 
26 
25 

24 

23 

22 

31 

20 

\l 

*5 

X 3 

xa 

xz 

xo 

1 

1 

5 

4 

3 

2 

Z 

0 


Cos. 

D. t ". 

Sin. 

D. 1 ".1 

Cot. 

D. X". 

Tan, 

M. 


»4* W 



^s^s^s^asas 


1658 


GENERAL TABLES 


174 ° 


M. Sin. D. 1 ". 


8 .9L;o2g6 

.94173^ 

.944606 

.946034 

8.947456 

.94S874 

.950287 

.9516^^ 

.953100 

S.954409 
.955^^4 
.957^^4 

. n 5 '< 67 o 
.^60052 
8. >61429 
.962^1 

.964170 

. 9655 ’» 

.966893 

8.96S249 

.969600 

.970947 

.9722^ 

,973628 
8,974962 

.976293 

.977619 

.978941 

. 9 «io 259 

8.9^1573 

-982883 

.984189 

.985491 

.986789 

8.9S8083 

.989374 

.990660 

.991943 

.993222 

8.994497 

. 9‘>5768 

.997036 

. 9982<>9 

.999560 

9.000816 

.002069 

.003318 

.004563 

.005805 

9.007044 

.008278 

.009510 

.010737 

.011962 

9.013182 

.014400 

.015613 

,010824 

.018031 

9.0^9335 

Cos. 


20.70 
20.65 



9.9(>S344 

.998333 

.998322 

.998311 

.998300 
g.99S2S9 
.9)8277 
.998266 
.008255 
.998243 

9.99S232 

.998220 

.998209 

.qofiiQT 

.99S186 

9.098174 

.998163 

.998151 

.9‘>8i30 

.998128 

9 .f) 98 ri 6 
.9>8io4 
.998092 
. 9/80S0 
.<V>So68 
9. c>98o56 
.'198041 
.(/A)', 2 
. 9 )' 8')20 

,998008 

9.907996 

, 9‘;7984 

.997972 

.997959 

.997947 

9.997935 

.997922 
.997910 

.997807 

.997885 

9.097872 

.997860 

.9^)7847 

.fr/7835 

.997822 
9,997809 

.997797 

.997784 

.997771 

.997758 




84' 
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M. 

Sin. 

D. I". 

Cob. 

D. i". 

Tan. 

D. I". 

Cot. 


0 

X 

a 

3 

4 

1 

7 

8 

9 

10 

IX 

la 

13 

M 

;i 

^9 

ao 

ax 

aa 

*3 

34 

ll 

37 

38 

39 

1 30 
, 31 

i 

i 33 
i 34 

ll 

3^ 

39 

40 
4* 
43 

43 

44 

49 

50 
5* 
53 

53 

54 

U 

P 

g 

9-0^9235 

.020435 
.021632 
.022825 
.024016 
9.025205 
.026386 
.027567 
.028744 
.02991S 

9.031089 
.032257 
.033421 
.0345S2 
.«>574l 
9.03684)6 
.03804S 

.039197 

.040342 

.041485 

9.042625 

.043762 

.04AS9S 

.046026 

.047154 

9.048279 

.0494(x} 

.050519 

-051635 

.052749 

9-053859 
.054966 
.056071 
.057172 
.058271 
9.059367 
.060460 
061551 
,0626^9 
.063724 

9.064806 
.065885 
.066962 
.068036 
.069107 
9.070176 
.071242 1 
.072306 

.0733^ 

.074424 

9.075480 

.076533 

.079676 

9,080719 

.081759 

.082797 

.083632 

.0848^ 

9.085894 

20.00 

19.95 

19.^ 

19.85 

19.78 
19.72 
19.68 
19.62 
19.57 

19.52 

19.47 

19. 40 
19- 35 

19.32 1 
19- 25 
19. 20 

19.15 

19. oS 

19.05 

19.00 

18.95 
IS. 88 
18. 85 
IS. So 
18. 75 
iS.^vS 
18.65 
IS, 60 
18. 57 

18.50 

18.45 

IM. 42 

18.35 
18. 32 
. 18.27 
18. 22 

18. i8 

18. 13 
18.08 
18.03 

17. 98 
17-95 
\7.q0 

17.% 

17. 82 
17-77 
17-73 
17.67 
17-63 

17.60 

17.55 

17.50 

17.47 

17.42 

17.38 

17.33 

17.30 

17.25 

17. 20 
17.17 

9.997614 

.997601 

.997588 

.997574 

-997561 

9.997547 

.997534 

-997520 

.997507 

.997493 

9.997480 

.997466 

.997452 

.997439 

.997425 

9.997411 

.997397 

•997383 

.907369 

.997355 

9.997341 

.997327 

.997313 

.997299 

.997285 
9.9^^7271 
.997257 
.997242 
.997228 

.997214 

9.997199 

.997185 

.997170 

.997156 

.997141 

9.997127 

.997112 

.997098 

.9^^708^ 

.997068 

9.997053 

.997039 

.997024 

.997009 

.996994 

9.996979 

.996964 

.906049 

.906034 

.996919 

9.996904 

.996889 

• 9^X3 

.996797 

•9^782 

.996766 

9.996751 

.22 

.23 

.23 

.22 

.23 

.22 

-23 

.22 

.23 

.22 

-23 
.23 
. 22 
.23 
.23 
.23 
-23 
-23 
.23 
.23 

.23 

.23 

.23 

.23 

.23 

.23 

.25 

.23 

.23 

.25 

.23 

.25 

.23 

.25 

.23 

.25 

-23 

.25 

.25 

.25 

.23 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

-25 

•25 

.25 

.25 

.27 

.25 

.25 

•27 

.25 

•25 

.27 

•25 

9.021620 
.022834 
.024044 
.025251 
.026455 
9.027655 
.028852 
.030046 
.031237 
•032425 

9.033609 

.034791 

.035969 

.037144 

.038316 

9.039485 

.040651 

.041813 

.042073 

.044130 

9.045284 

.046434 

.047582 

.048727 

.04f)869 

9.051008 

.052144 

.053277 

.054407 

.055535 

9.056659 
.057781 
.058^ 
.060016 
.o6i130 
9.062240 
.063348 
.064453 
.065556 
.066655 

9.067752 
.068846 
. o6<)93S 
.071027 
.072113 
9.073107 
.074278 
.075356 
.076432 

.077505 

9-078576 
.079644 
.080710 
.081773 
.082833 
9.083891 
.084947 

.086000 

.087050 

.08^ 

9.089144 

20.23 

20.17 
20. X2 
20.07 
20.00 
19.95 

19.90 

19.85 

19. So 

19.73 

10. 70 

19.63 

19.5s 
19. 53 
19.48 
19-43 

19-37 

19.33 

19. 28 

19.23 

19.17 
19.13 

19.08 
19.03 
18.98 
18.03 

18.88 
IS. 83 

18.80 

15.73 

18. 70 , 
18. 65 

18.60 
iS. 57 
18.50 

15.47 
18.42 

18.33 
18.32 
18.28 

18. 23 
18. 20 
18.15 
18.10 
18.07 
18.02 

17.97 

17-03 

17.88 

17.85 

17.80 

17-77 

17.72 

17.67 

17-63 

17.60 

17-55 

17-50 

17.47 
17-43 

0.978380 

.977166 

.975956 

.974749 

.973545 

0-972345 

.971148 

.969954 

.968763 

.967575 

0.966391 

.965209 

.964031 

.962856 

.961684 

0.960515 

.959349 

.958187 

.957027 

.955870 

0.954716 

.953566 

.952418 

.951273 

.950x31 

0.948992 

.947856 

.946723 

.945503 

.944465 

0.943341 

.942219 

.941100 

.93^ 

.93^70 

0.937760 

.936652 

.935547 

.934444 

.933345 

0.932248 

.931154 

.930062 

.928073 

.927887 

0.926803 
.925722 
.924644 
.923568 
.922495 

0.921424 

.920356 

.919290 

.918227 

.917167 

0.916109 

.915053 

.914000 

.912950 
.911^2 
0.910856 

60 

12 

56 

55 

54 

53 

52 

51 

50 

% 

45 

44 

43 

42 

4* 

40 

37 

36 

35 

34 

33 

32 

31 

30 

It 

a? 

a6 

25 

24 

23 

22 

ax 

ao 

ll 

17 

x6 

15 

14 

13 

xa 

XX 

xo 

i 

1 

5 

4 

3 

a 

X 

0 


Cos. 

D. 1". 1 

Sin. 

D. I". 

Cot. 

D. X". 

Tan. 

M. 




8s 
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M. 


Sin. 


.087947 

.088970 
.0899^ 
9.091008 
.092024 

.093037 

.094047 

.095056 
9.096062 
.ck^7o65 
.09S066 
.099065 
. 100062 
9. 101056 
, 10204S 
. 103037 
. 104025 
. 1050zo 

9.105992 
.106973 
.107951 
,108927 
.109001 
9.I10S73 
.111842 

,1I28<^ 

.113774 

.114737 

9.115698 
. 11^56 

.117613 

.118567 

.119519 

9.120469 
.121417 
.122362 
.133306 
.124248 

9.125187 
.126125 
.127060 
.127993 
.128925 

9.129854 

.130781 
.131706 
.132630 

.133551 
9.134470 

. I353‘V 
.136303 

.137216 

.138128 

9.139037 
.139944 

.140850 

.141754 

.142655 

9.143555 


D. I". 


Cos. 


Tan. 


Cos. 


17.13 

17.08 

17.05 

17.00 
16.97 
16.93 
16. ^8 1 

16.83 
16. 82 
16.77 

16.72 
16. 63 

16.65 
16. 62 
16. 57 
16. 53 
16.48 

16.47 
16. 42 

16.37 

16.35 
16.30 
16. 27 
16. 23 
16. 20 
16. 15 
16. 12 
16. o3 
16.05 
l6. 02 

i.'5.97 

15.95 
15.5^ 
15.87 

15.83 

15. «o 
15 . 75 

15.73 
15. 70 

15.65 
15.63 
15.58 
15 .55 
15 - 53 

15.48 
15.45 

15.42 
15.40 

15.35 
15.32 

15.28 

15.27 
15.22 
15.20 

15.15 
15.12 
15. xo 

15.07 

15.02 

15*00 


D. I". 


9.996751 
.996735 

.996720 
.00^704 
.996688 
9.996673 
.9‘>6657 
.996641 
.996625 
.996610 

9.996594 

.996578 

.996562 

.996546 

.996530 

9.996514 

.9964'/^ 

.9964S2 

.f8<6465 

,996449 

9-996433 

.<^417 

.f;c^400 

.9963>'4 

.996368 

9 . 9 'A> 5 i 

.9'A335 

.f/^3lS 

.996302 

.9962S5 

9,996269 

.996252 

.996235 

.996219 

.996202 

9,996185 

,9^168 

.996151 

.996i.y^ 

.996117 

9.996100 

,996083 

.996066 

.996049 

.996032 

9.996015 

•995998 

.9959^ 

.995A3 

.995946 

9.995928 

.995911 

.995804 

.995876 

.99.5859 

9.995841 

.9*95823 

.995806 

.995788 

.995771 

9.995753 


Sin. 


.27 

.25 

.27 

.27 

.25 

.27 

.27 

.27 

.‘5 

.27 

.27 

.27 

•27 


.28 

.27 

.27 

.28 

■M 

.27 

.28 

.27 

.28 

.28 

.27 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.28 

.30 

.28 

.28 

.30 

.28 

.28 

.30 

.28 

.30 

.30 

.28 

.28 

.30 


X >, 1" 


9.089144 
.0901S7 
.091228 
.0922^56 
.093302 
9 -094336 
.095367 
.096305 
.0Q7422 
.098.146 
9.09946S 
.1004S7 
.101504 
.102519 
. 103532 
9.1045.j 2 
. 105550 
. 106556 
.107550 
. 108560 
9.109559 
. 110556 
.111551 
. ii25.}3 

.113533 

9.114521 
. 115507 
.116491 

.117472 

.118452 

9.119429 
.120404 
. 121377 
.122348 

. 123317 

9.124284 

. 125249 

. 126211 
. 127172 
.128130 

9.129087 
.130041 
.I 309 *n 

.131944 
.132893 

9 -133839 
.134784 
• 135726 
.136667 
.137605 

9.138542 
.139476 
.140409 

.141340 

.142269 
9.143196 
.144121 
.145044 
.145066 

.14^5 

9.147803 


D. 1". 


Cot. 


17.38 

17.35 

17.30 

17.27 

17.23 
17. iS 

17.13 

17. 12 
17.07 
17.03 

16.98 
16. 95 
16. 92 
16. NS 
16. S3 
16, 80 
16. 77 
16. 72 

16.65 

16.65 

16. 62 
16. 5S 
16. 53 
16. 50 

16.47 
16.43 
16.40 
16. 35 
16. 33 

16.28 

16. 25 
16. 22 
16. 18 
16.15 
16. 12 
16.08 
16.03 
16.02 
15-97 

15.95 

15.90 

15.88 

15.83 
15. 82 
15.77 
15.75 
15. 70 

15.68 

15.63 

15.62 

15 .57 
15 .55 
15.52 

15.48 
15 .45 
15.42 

15.38 

15. 37 

15.32 

15.30 


D. I" 


Cot. 


0.910S56 

.90^13 

.908772 

.907734 

.906698 

0.9056^ 

.904633 

.903605 

.902578 

.901554 

0.900532 

.89^)513 

. 8^S4(/i 
.897481 
.S9646S 
o. S9545S 
.894450 

.893444 

.892441 

.S91440 

o. 89a^41 
.889444 

.888449 

.8«7457 
.886467 
0.885479 
. 88^493 
.883509 
.882528 
.881548 
0.880571 

.877652 
.876683 
o. 875716 
.R 7475 r 

.873789 

.872828 

.871870 

0.870913 

.869959 

.86^16 

.868056 

.867107 

0.866161 

.865216 

.864274 

.863333 

.862395 

0.861458 

.860524 

.855879 

.854956 

.854034 

.853115 

o. 8,52x97 


Tan. M. 


97" 


8a' 
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8.18 

8.15 
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.402656 
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.405836 
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.407945 
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9.410045 
.410560 
.411092 
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.412137 

9.412658 

.413179 

.413699 
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.414738 

9.415257 

.415775 
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8.92 
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8.60 

8.60 
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8.57 
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8.53 

8.55 

8.53 
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8.47 

8.45 

8.45 

8.43 

8.4a 

0.603229 
.602691 
.602154 
.601617 
.601081 
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29 
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33 
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9.440338 

.440778 

.441218 

.441658 

.442096 

9*442535 

.442973 

.443410 

.443847 
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9.444720 

.445155 
.445590 
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.448191 
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9.457584 
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.460108 

.460527 

.460^6 

.461364 

9.461782 
.462199 
.462616 
.463033 

.463448 

9.463864 

.464279 

.4646^ 
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.465522 

9.465935 

7.33 

7.33 

7 .33 

7.30 

7.32 

7.30 

7.28 

7.28 

7.28 

7.27 

7-25 

7.25 

7.25 

7.23 
7.23 

7.22 

7.22 
7.20 

7.20 
7.1S 

7.15 

7.17 
7.17 
7-17 

7.15 
7.13 
7.13 

7-13 

7.12 

7,1a 

7.10 

7.10 
7.08 
7.08 
7.0S 
7.07 

7.05 

7*05 

7-05 

7-03 

7.03 

7.02 
7.02 
7.00 
7.00 
7.00 
6.98 

6.98 

6.97 

6.97 

6.95 

6.95 

6.93 

6.93 

6.93 

6.92 
6.9a 
6.90 
6.90 

6.^ 

9.982842 

.982805 

.982769 

.982733 

.9826^ 

9.982660 

.^2624 

.982587 

.982551 

.982514 

9.982477 
.9S2441 
. 982404 

.982367 

.982331 

9.9S2294 

.982257 

.9S2220 

9.982109 

.982072 

.982035 

.9819^ 

.01961 

.981849 

. 0 lSl 2 

.981774 

9.981737 

.01700 

.01662 

.01625 

.981587 

9-981549 

.01512 

.981474 

.981436 

.981399 

9.01361 

.981323 

.981285 

.981247 

,01209 

9.981171 

.981133 

.981095 

.981057 

.01019 

9.98001 
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.980673 
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.62 

.62 

.62 

.62 

.62 
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.63 

.63 
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.533992 

.533523 

0.533055 

.532587 
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.527005 
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4.37 
4.37 
4.37 

4.37 

4.37 

4.33 

4.37 
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9.895045 
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.894646 
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.892040 
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,892638 
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.897401 
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4.32 

4.30 

4.32 
4.30 

4.33 
4.30 
4.32 
4.30 
4.30 

0.107190 

.106409 
.106149 
0.1058^ 
,105628 
. 105368 
, 105108 
.104848 

0.104588 
.104328 
.104068 
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GENERAL TABLES 


M. Sin. D. 


o 9.798872 
X .799028 
a .799184 

3 .799339 

4 .799495 

5 9.799653 

0 .799806 

7 .799962 

8 ,800117 

9 .80027a 

xo 9.800427 
XX .800^2 

xa .800737 
X3 ,800892 

14 .801047 

15 9.801201 

ID .801356 
17 .801511 

x8 .801665 
xg .801819 
ao 9.801973 
ax .802128 
aa .8022S2 
a3 .802436 
34 .802589 

2§ 9.802743 


9.803511 

,803664 

.803817 

.803970 

.804123 

9.804276 

.804428 
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.804734 

.804886 


9.805039 

.805191 

.805343 

.805295 

.805647 

9.805799 
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9.806557 

.806709 

.80^ 

.807011 

.807163 

9.807314 

.807265 

.80^15 
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9.890503 

.890400 

.8^298 

.890195 

.889682 

.889579 

9.889477 

.889374 

.889271 

.889168 

;8887t^ 

.888651 

.888548 

9.888444 

.888341 

.888237 

.888134 

.888030 

•SSTTlS 
.887614 
.887510 
9.887406 
.887302 
.88^98 

9!886?S5 

.886780 

.886676 

.886571 

.886466 

9.886362 

.886257 

.886152 

.886047 

.885942 

9.8^5837 

.885732 

.885627 

.885522 

.885416 

9.885311 

.885205 

.885100 

•§§4994 


9,884783 

.884677 

.884466 

.^360 

9.884234 


I .909144 
I .909402 
9.909660 
.909918 

I .9^0177 
! .910435 

I .910693 

i 9.910951 
.911209 

I .911467 

! .911725 
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1 9.912240 

i .91249'^ 

I .912756 

.913014 
I .913271 
9.913529 
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.914044 
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.914560 

9.914817 

.915075 
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9.916104 
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.916619 

.916877 

.917134 

9.917391 

.917648 

.917906 

.918163 

.918420 

9.918677 

.918934 

.919191 

.919448 

.919705 

9.919962 
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.920476 
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.920990 

9.921247 

.921503 

.921760 
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.922274 
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.923044 
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.091372 
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.088533 
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0.087760 
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.086986 
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.083381 
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.0.8055a 
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0.080038 

.079781 

.079524 
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0-078753 
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0.077470 

.076700 
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APPENDIX A 

FIRST AID IN CASE OF ACCIDENT 


All the data on First Aid are quoted from Bull, of the U. S. 
Health Service, by the courtesy of the Department, which was glad 
to cooperate to make the data available for emergencies. 
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U. S. HEALTH SERVICE BULL. 17 
By SfROEON R, M. Woodward 
Rules to Be Observed in Time of Accident 

“i. Give the papent air. 

“3. Lay the patient <lo\Nn, head lower than the body. 

“3. Rip the clothes off the injured part. 

*'4. In removing a coat or shirt, first release the good arm, then the injured 
one. 

“S. Turn the head to one side to allow vomited matters to escape from 
the mouth. 

"6. Do not give whisky to the patient. If he can swallow, and needs a 
stimulant, give coffee, tea, hot milk, or hot water. 

“7. Then follow directions given elsewhere in tliis book. 

A List of Dont’s 

“Don’t fail to send for the doctor. He knf)W8 hest. 

“Don’t leave the patient in order to go for the fioctor if there is anyone 
you can send. He may need your moral encouragement if nothing more. 

“Don’t get excited. An appearance of agitation on your part will dis¬ 
courage the patient. 

“ Don’t hold an injured person on his feet, nor require him to sit in a chair. 
He will be better off and less apt to faint if he lies down, preferably with the 
head low. 

“If you have a first-aid chest, and a bottle of medicine is exhausted, don’t 
wait until you need it again before having the bottle filled. 

“Don't put your fingers on a wound. They arc covered with germs, and 
you will almost surely infect the wound. 

“Don't use a spider w«d> or a quid of tobacco on a wound. They are 
filthy, do no good, and ,are very apt to infect the wound. The same thing 
is true to a less extent m regard to salves of various kinds. 

“ Don’t place cotton next to a wound. Always keep at least one layer of 
gauze or boiled cloth l^etween the cotton and the raw surface. The cotton 
sticks to the wound and is very difficult to remove. 

“Don't apply bandages too tightly. 
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“Don’t remove a dressing to see how a wound looks. Let the doctor 
do that. 

“Don’t sit down at the bedside and discuss with the callers all of the 
horrible accidents you ever heard of. Your conversation will not be appre¬ 
ciated by the patient. 

Minor Accidents 

“Bruises, sprains, foreign matter in eyes, ears, nose, and throat. 

Bruises and Contusions 

“A bruise or contusion is an injury where the tissues beneath the skin have 
been tom but the skin itself has not been opened. Blood oozes out of the 
injured vessels, but cannot escape, as the skin is still intact. The symptoms 
are swelling, tenderness, and a feeling of soreness or pain. Discoloration of 
the skin occurs quickly in superficial contusions and in places where loose 
tissue abounds, but only after days when the injury is deep seated. This 
discoloration is at first red and then, successively, purple, black, green, and 
vellow. This play of colors is due to the changes which take place in the 
blood while undergoing absorption. 

“Treatment.—A pad of gauze or soft towel should be tighly bandaged 
over the injured part to stop hemorrhage, after which cold should be applied 
except in old or feeble persons or where the contusion is extensive. In 
the latter case heat is Ixjst, as cold might cause gangrene. Evaporating 
solutions, such as witch hazel, a is % solution of alcohol in water, or a satur¬ 
ated solution of Epsom salt, are often found of great benefit. A contusion 
should never be opened except in rare cases when it is necessary to stop 

f iersistent bleeding. If an opening is made through the skin, germs are 
iable to enter and cause severe inflammation, resulting in the formation 
of pus. 

“Sprains.—A sprain is a stretching or wrenching of a joint. The joints 
most frequently affected are the ankle, wrist, knee, and shoulder. 

“ The symptoms and signs are pain, swelling, impairment or loss of motion, 
and discoloration from effusion of olood. When there is much swelling 
it may be difficult to determine whether sprain cr fracture, or both, are 
present. 

“It is sometimes very difficult to determine whether an injury near a 
joint is a sprain, a bniise, a broken bone, or all combined; and if there is 
doubt, the case should be treated as a broken bone. Injuries about the 
ankle joint are especially confusing, and sometimes the .t-ray shows a fracture 
that could not have been detected in any other way. It should also be 
understood that a sprain, particulai^y if some of the soft parts about the 
joint arc tom, may be muen longer in being restored to a normal condition 
than if a simple break of the bone had occurred without other injury. 

“Treatment,—Either hot or cold applications are good first-aid measures, 
but they should be distinctly either hot or cold, and not tepid. Soaking 
the part for half an hour several times a day in water as hot as can be borne, 
and gently rubbing the skin, are excellent. If it is more convenient to 
apply a bag of ice, this can be used, but the heat and cold should not alter¬ 
nate. Propping the part up on pillows ^sists. If there is much pain, great 
relief is oVitained by surrounding the joint with a thick layer of cotton and 
applying a plaster bandage. The circulation of the lower part of the limb 
should be watched, and if found to be impaired the bandage should be cut 
from above downward and the sides spread apart to relieve any constric¬ 
tion that may be present. After the swelling has subsided somewhat, 
rubbing with any kind of liniment or with alcohol will help, but it is the 
rubbing more than the liniment that does the good. 

“It IS popular belief among laymen that a large quantity of liniment, 
perhaps applied on flannel cloth, is all that is necessary, and that the rub¬ 
bing IS only of secondary importance. This is a decided mistake. Later 
on the part should be grasped and gently moved in various directions, 
maldng what is known as passive motion. In some cases this is inadvisable 
and the patient appears to do better with the part at rest, which can be 
obtained by strapping the joint with strips of sticking plaster or placing 
the limb in a splint. The black and blue condition of the skin that some¬ 
times appears will gradually subside as the part gets better. 

Foreign Bodies in the Eye, Ear, Nose, and Throat 
“Foreign Bodies in the Eye. —When a piece of steel, a cinder, or any 
foreign body enters the eye, nature at once floods the eye with tears in an 
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endeavor to wash the offending agent away, and frequently succeeds. 
Sometimes, however, the foreign body is embedded in the eyeball, the lid, 
or other part of the eye, or keeps moving about from one part to another 
without escaping: then assistance is necessary. 

“Occasionmly drawing the upper lid well down with the fingers, and allow¬ 
ing the lashes of the lower lid to act as a brush, will remove the body if it 
is not tighUy embedded. Usually, however, it is necessary to invert the 
upper lid; in other words, turn it inside out. This is not difficult with a 
little practice. The upper eyelid contains a piece of cartilage or gristle 
along its lower edge which makes it easy to turn. To invert the eyelid 
face the patient, or stand behind him as seems more convenient; have him 
look well down toward the floor; take hold of the lashes of the upper lid 
with the fingers and thumb of one hand; they lay entirely across the middle 
of the eyelid a wooden toothpick, match, knitting needle, lead pencil, or 
other thin object (Fig. i); press it downward, and at the same time gently 
pull the lashes upward, when the lid will suddenly turn inside out (Fig. 2). 




Drawing down the lower lid by simply pressing upon it will expose its inside 
surface. If the foreign body is seen, it should be very gently removed with 
the comer of a handlwrehief. If it is partly embedded in the eyelid, it may 
be possible to dislodge it gently with a wooden toothpick or other similar 
object. If the foreign body is on the eyeball, it sometimes requires a good 
lignt, good eyesight, and even a magnifying glass to detect it. If found, it 
shoula be removed with a handkerchief or other soft material, but if embed¬ 
ded too tightly to be removed in this manner, it is best for the layman not to 
attempt anything further for fear of greater injury to the eye. Under such 
circumstances one or both of the eyes should be snugly bandaged with soft 
lightproof material, such as red flannel and the doctor should be called as 
soon as iiossible. Die patient should be cautioned not to wink his eyes, as 
all motion will increase the irritation. 

“If you have succeeded in removing the body, and the eye appears very 
red, a uttle sweet oil dropped in will be very soothing. It should be remem¬ 
ber^ that the scratching of the eyeball makes it feefas if the body were still 
present after its removal. The old household remedy of dropping a flaxseed 
injto the eye in the hope that in slipping about it may dislo^e the body is 
said by specialists to do no goo<h and may do harm. 

**Foreifn Bodies in the Bar. —Children occasionally place buttons or similar 
objects in the ear. If near the outlet, they can sometimes be removed 
(in the absence of suitable instruments) by gently passing along one side a 
crochet needle or other similar implement. It should be remembered, how¬ 
ever, that the drum of the ear, which is extremely delicate, and means 
so much to the child in the future, is only a short distance inside, and any 
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effort of this kind made by the layman should be very gentle indeed. A 
stream of water from a small syringe may wash the object out. If these 
measures do not succeed, wait for the doctor bv all means. Sometimes an 
insect crawls into the ear. The actual physical danger is less than the menta' 
horror, as the insect soon dies. A little sweet oil dropped into the ear may 
cause the insect to back out to free itself from the unpleasant predicament 
if not the oil will kill it. 

“Foreign Bodies in the Nose.—If near enough to the nostril to be seen th> 
body may possibly be expelled by compressing the other nostril and havinp 
the patient blow his nose hard. A fountain syringe placed i' above the 
head, the nozzle of the syringe inserted in the clear nostril, and the patient’s 
face looking somewhat downward will cause the water to flow gently in 
at one side of the nose and out at the other side, and may dislodge the 
object. A crochet needle may be gently tried as described for the ear. All 
these things failing, wait for the doctor. 

“Foreign Bodies in the Throat.—If the body can be seen by holding the 
tongue do^ with a spoon or by drawing the tongue out with a towel, it 
can sometimes be hooked out by means of a finger passed well in. If the 
body is in the windpipe, this will be manifested by violent coughing, which 
may dislodge it. Inverting the patient and slapping his back may be tried. 
If these measures do not succeed, then use every effort to quiet the patient, 
and if practicable send for a physician. If the body is in the gullet on the 
way to the stomach, vomiting may bring it up, and this can be excited by 
tickling the throat, or using some of the simple vomiting agents mentioned 
in the data on poisons (p. 1718) provided the patient can swallow. If it is 
not dislodged, and is known to be an object without sharp edges, as a coin, 
for instance, it is best to induce it to go on into the stomach by drinking 
water, eating bread, mashed potatoes, or other soft food. Once in the 
stomach the patient, usually a child, should be made to eat all the mashed 
potatoes he can possibly hold, and a lar^e dose of castor oil should follow. 
The potatoes form a mass around the foreign body, and the oil usually pushes 
this mass through the bowels without any trouble whatever. The stools or 
passages should be carefully watched to determine that the object passes, 
and if it does not, the doctor should be consulted without delay. 

SERIOUS ACCIDENTS—FIRST AID 
Bites and Stings of Poisonous Animals or Insects 

“Snake Bites.—(Do not give alcohol or ammonia.) Poisonous snake bites 
must receive instant treatment. Fasten a bandage or handkerchief above 
the wound and twist it tight to prevent the flow of blood toward the body 
and heart. Cut the wounded flesh out so that it bleeds freely. If there is 
anyone with you get him to suck the wound immediately; thoroughly and 
repeatedly spitting out the blood and washing his mouth with water to 
eliminate all danger to him. A concentrated solution of potassium per¬ 
manganate shoulcT then be poured into the wound or better injected around 
and above the wound, using the full charge held by an ordinary hypodermic 
syringe. When working in a snake country a small pocket case containing 
a sharp clean lancet, hypodermic syringe, and a bottle of potassium per¬ 
manganate should always be carried. The tight bandage cutting off the 
flow of blood must be loosened within 10 min. of its appheation to permit 
some circulation, as a long-continued stoppage of blood causes gangrene. 
Even when the blood is allowed to circulate freely at intervals of 10 to 15 
minutes the tight bandage should be removed entirely within a couple of 
hours. There is great danger in its prolonged use. Snake bites treated 
promptly in this way are rarely fatal, although they may make the victim 
very siclc. The patient's vitality should be prompted by hot blankets, 
water bottles, etc. 

“Wilson’s “Topographic Surveying” states that in addition to this treat¬ 
ment the only sure cure, particularly for the more dangerous tropical snakes, 
is the hypodermic injection of Antivenene serum. The injection is made 
in the c^ular tissue of the right or left side of the abdomen. Treatment 
should be immediate for best results, although it may be successful after 
as much as 3 or 4 hr. If there is time the skin should be carefully cleansed 
before using the syringe, the needle of which should be inserted deeply 
closely compressed with the fingers for a couple of minutes and then hastily 
withdrawn. 

“Antivenene serum can be obtained from Les Establissements Poulenc 
Preres, qj Rue Vieille-du-Temple, Paris. The serum will keep for years. 
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Dose 10 cc. (contents of one flask), or for large snakes, as the cobra, 20 cc. or 
two full doses at once. 

**Bite of Dog or Cat.—This is usually a punctured wound; that is, the 
teeth enter without tearing the flesh, and the wound almost entirely close’s, 
thereby preventing drainage and increasing the danger. Sucking the wound 
hard repeatedly and washing out the mouth with hot water may remove 
some of the poison. Squeezing is less effective. The wound should then 
be burned either wdth carbolic acid or a red-hot iron carried to the bottom, 
and the skin about the wound should be scrubbed with alcohol or other 
antiseptic. A drain of several strands of boiled sewing silk should be pushed 
into the bottom of the wound, and an antiseptic dressing or boiled cloth 
applied over the w'ound. The patient should then be taken to the nearest 
place where the Pasteur treatment to prevent hydrophobia or rabies can be 
secured. The hygienic lalx)ratory of the U. S. Public Health Service in 
Washington, D. C.. administers this treatment without cost. 

“If the animal is known to be mad this treatment is imperative, and 
whether mad or not it is a very wise precaution and relieves the anxiety 
of the patient. 

Bleeding (Hemorrhage) 

''Kinds of Blood-vessels.—There are two kinds of blood-vessels. Those 
that carry the blood from the heart to all parts of the body are called artcrics- 
The blood in them is bright red. and escapes in jets ur spurts corresponding 
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to each beat of the heart. Bleeding from these is more dangerous and more 
difficult to control, as a rule, than bleeding from the vessels that return the 
blood to the heart. Fortunately, however, the larger arteries in the limbs 
lie near the bones, and are consequently well protected in most parts by 
the mass of muscles covering them. The vessels that return the olood to 
the heart are called veins. They contain a darker blood than the arteries, 
and when cut the blood escapes in a steady stream, not in spurts. While 
the largest veins in the limbs are also near the bones, there are some of con¬ 
siderable size just under the skin. 

“If we should desire to stop a stream of water flowing past a given point, 
wc would naturally go upstream from that point and not downstream to 
adopt the necessary measures. When there is bleeding from an artery, 
the olood coming from the heart, the artery must be compressed at a place 
between the heart and the bleeding point. Dn the other hand, if a vein is 
bleeding, the blood flowing toward the heart pressure must be made on the 
vein at a place farther from the heart than the bleeding point. 

"Bleeding, General Treatment. —Before beginning the treatment of any 
wound or any bleeding point, if there is time, the operator must carefully 
cleanse his hands and arms and also the wound and surrounding parts. 
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The instruments and silk ligature should be boiled, as described under 
wounds. 

"In the aftertreatment of severe bleeding the patient should be kept 
perfectly quiet in mind and body, his head should be lowered by raising 
the foot end of his bed or bunk. Give 
him plenty of fresh air, keep his body 
warm, and give him hot drinks. After 
reaction the temperature of the body 
mav rise a degree or two above nor¬ 
mal, but if this should continue longer 
than two or, at most, three days, the 
dressing should be removed and the 
wound thoroughly irrigated, first with 
hot water, then with a solution of 
bichloride of mercury (i to 5000) and 
dressed with aseptic gauze. 

"Bleeding from Arteries.—There are 
certain places in the body where the 
arteries are not covered by much mus¬ 
cle, and can be easily compressed 
jigamit bone. These places are shown 
in the illustrations. The bleeding 
should be controlled first by thumb 
pressure at the points indicated in the 
illustrations, and if the services of a 
doctor can be secured \vithout delay, 
this will bo all that is nccesary until he 
arrives. If there is any doubt as to 
the exact place at which pressure PlG. $• 

should be made, a slight shifting of the 

thumb from one point to another should be made rapidly, and when the 
bleeding stops it indicates that the proper location has been reached and 
pressure should be continuous at this point. If a doctor is not within 
reach, the bleeding must, of course, be controlled by some other device. 
When the bleeding is from one of the limbs, and some distance from the 
body, a bandage or clean handkerchief should be wrapped around the limb 




Fig. 6. 


at the point indicated by a cross in the illustrations (Pigs, s to 14) and 
drawn tight enough to stop the bleeding. The Spanish windlass (Pi«. 
3 and 4) is made by knotting a handkerchief around the limb loosely, 
passing a stick through the slack part, and taking up the slack by twisting 
the handkerchief. To prevent untwisting, the stick is then bound to the 
limb by one or two other bandages or handkerchiefs. A small round stone, 
a cork, or other similar object placed in the folds of the handkerchief ana 
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lying directly over the vessel will assist. Only sufficient pressure should 
be made barely to stop the bleeding. The windlass must be loosened every 
ao min. to give a chance for the blood to flow through the part, as there is 
great danger of gangrene (mortification) if the blood is entirely shut off for 
longer than this time. 



Fig. 9. Fig. 10. 


'*The knot in the windlass should not be untied, and the stick should be left 
in position for immediate tightening if the blood again begins to flow freely. 
If the windlass is to be used for several hours, it is best to encircle the limb 
with a folded towel before applying it. as there is less danger of injuring the 
skin and soft parts. If the bleeding artery is in or near the body, where a 
windlass cannot be applied, thumb pressure must be kept up until the 
doctor arrives, one person relieving another. The second person's thumb 
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should gradually push the first person’s thumb aside, and thus prevent a 
SDurt of blood. In exceptional cases it may be necessary to place tne thumb 
otrectly in the wound to control the bleeding, but, no matter how clean the 
thumb may be, this should only be resorted to in desperate cases, as there is 
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great danger of infecting the wound. Reference is made in this connection 
to the section of Antiseptics. , ^ . 

" In places where the services of a physician cannot be obtained, the wound 
should be stretched oxien, the blood-vessel located, seised, and drawn 
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gently forward with a pair of artery forceps, and the ends tied with hea'v^ 
thread that has been boiled for s min. If artery forceps cannot be obtained, 
take a needle or a bent pin. pass it through a flame several times, hook onto 
the vessel, and draw it out; then tie it tightly with the thread described 



Fig. 12. 


above. If a little fleah is tied in the knot with the artery, this will l» of no 
consequence. After the artery has been securely tied the ‘Spanish windlass’ 
sboula be removed, or, if thumb pressure has been employed, this should be 
discontinued. The wound should then be closed as described under the 
heading Wounds, 
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**Bleedin{: from Veins.—The deep veins, as a rule, follow closely the course 
of the artenes. If thumb pressure on the far side (the side farthest from the 
heart) of the bleeding point fails to control the bleeding, a Spanish windlass 
should be applied on the far side. If the bleeding vein is near the surface, 
it may be possible in some cases to control it by a windlass with a stone or 
cork, the windlass not being drawn tight enough to shut off the deeper 
vessels. In some cases bleeding from veins is best controlled by pressure 
directly over the bleeding point, but the thumb should be covered by a clean 
cloth, such as a handerkerchief or towel. Elevation of the part and removal 
of all constricting bands, such as garters, will assist. 

"Where there is simply an oozing of blood and it does not appear that 
any vessel of size has been severed the case can frequently be controlled by 
steady pressure of the bleeding surface. Sometimes cloths soaked in water 
as near the boiling point as can be borne and constantly changed will accom¬ 
plish the result. If peroxide of hydrogen is at hand, it is one of the best- 
known acents to stop simple oozing. 

*'Bleeaing from Head and Face.—Reference to Fig. 5 will show a point 
in front of the ear, compression upon which will control bleeding about the 



temple. Another important point for pressure is shown where the artery 
crosses the edge of the lower jawbone. This controls bleeding in the parts 
supplied by this artery, as shown in the illustration. If the bleeding is 
severe and it is evident that a larger and deeper vessel is responsible, it is 
necessary to compress the large artery in the neck. If you will turn your 
own head well toward one shoulder, say the right, you will be able to feel 
on the left side a strong muscle standing out under the skin and extending 
from a point just back of the car to the point where the left collar bone 
joins the breastbone. This is your guide to the deep artery. Pressure 
should be made deeply between the lower end of this muscle and the wind¬ 
pipe compressing the artery directly against the backbone (Figs. 6 and 7). 

**Bleedin|( from Shoulder.—If the bleeding is in the neighborhood of the 
shoulder joint, the artery to be controlled is the one lying directly under 
the collar bone. Pressure is made downward, behind the collar bone, near the 
point where it joins the breastbone, the artery being compressed against the 
rib (Figs. 6 and 8 ). 

**Bleeding from Arm, Forearm, and Hand. —If you place your left hand 
on your rignt arm between the shoulder and elbow ana then bend the right 
elbow and straighten it out several times you will feel a muscle swell up 
in the arm and subside again. Extending along the inner edge of this 
muscle and close to the bone a large artery can be felt beating (Pigs. 9 
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and 10). This is the one to compress when bleeding is from a point in 
the arm or forearm. If the forearm, the best place to compress this last- 
mentioned artery is just above the elbow; and is also the best point if there 
is severe bleeding in the hand. 

**Bleeding from Thigh or Leg.—In the groin, halfway between the hip bone 
and the middle line of the body, the main artery supplying the thigh and 
leg can be pressed against the bone (Fig. 13). If the bleeding is from the 
back of the knee, the leg, or foot, the best place to apply pressure is just 
above the knee at the back of the thigh (Fig. 14). 

**Bleeding from Lungs and Stomach.—If the blood is from the lungs, it 
is generally coughed up and has the bright-red appearance of ordinary 
blood. If from the stomach, the acid of the stomach juice changes the 
blood until it has more the appearance of coffee grounds. If, however, 
the bleeding is severe, the vomited blood may be bright red, as the acid of 
the stomach may not have had time to act upon it. Sometimes blood 
brought into the throat from the lungs is swallowed by the patient and 
later vomited in its changed condition. 

" In the treatment of either of these conditions, it is best to keep the patient 
very quiet in bed, let him suck small pieces of ice in limited quantity, and 
apply cracked ice in some waterproof covering over the chest or pit of the 
stomach, as the case may be. Cheerfulness and an encouraging attitude 
on the part of the attendants are necessary. 

*'Bleeding from the Nose. —If bleeding of the nose occurs in a full-blooded 
person, especially if such person is subject to dizzine^, we should not be 
in too much of a hurry to stop it. But if the bleeding is the result of injury 
or if it occurs in a person suffering from disease of the heart or lungs or 
from the effects of malarial fever, scurvy, or any disease of the general 
system, effort should be made to stop it. Nosebleed from a blow, in a 
healthy individual, usually stops in a short time without any particular 
treatment. If it does not stop, place a piece of paper folded to the thickness 
of a quarter of an inch well up between the upper lip and gum, and com¬ 
press the lip tightly against it. The main blooci-vessels supplying the nose 
pass upward from the corners of the mouth to the sides of the nose, and this 
paper tends to compress the vessels and shut off the blood supply. The 
patient should lie on his back with his head on a pillow. If ice is obtainable. 
It should be cracked into small pieces, wrapped in a thin cloth, and placed 
over the nose, a sufficient quantity being used to cover the whole surface. 
Cold applied to the back of the neck will also do good in some cases. If 
the bleeding is obstinate, a strip of gauze or soft cloth can be pushed gently 
into the nostrils, the ends being allowed to hang out. 

**Bleeding from the Urinary Canal. —This is usually caused by falling 
astride of a hard object. The bleeding may be profuse, but is usually con¬ 
trolled by pressure with a folded towel. If the bleeding is severe, a stick 
with a cross-piece at one end should be placed at the foot of the bed, the 
cross-piece pressing against the towel in the crotch. After the bleeding 
ceases, the patient should be kept quiet and cold applications should be used. 

Burns and Scalds 

**Bttrns. —Bums or scalds are serious and dangerous to life in proportion 
to the extent and depth of the injury. A burn covering a large area and 
producing mere reddening and swelling of the skin is as serious as a burn 
one-half the size in which the skin is destroyed. The danger is from shock, 
from fever following reaction, from heniorrhage following sloughing, and 
from congestion and inflammation of internal organa. Burns of slight 
extent or moderate degree are not so dangerous, and most of the cases 
commonly met with will recover. But all cases require careful treatment. 

**Treatment. —The indications for treatment in these two conditions are 
virtually the same if the damage is superficial; and this is usually the case, 
the injuries being only skin deep. Blisters should be pricked with a needle 
that has been passed through a flame several times. This allows the water 
to escape from the blisters, but the skin raised by the blisters should not be 
removed. If the burning agent is pitch or tar, and adheres to the skin, it 
should not be removed; it will come away later with the blistered skin. 
Any bland oil, such as sweet oil, linseed oil, or Vaseline, forms a soothing 
application. Ordinary baking soda'or a saturated solution of soda in water 
can be used. The old ‘Carroa’ oil made of linseed oil and lime water, half 
and half, is excellent, but has an unpleasant odor. If lime water is not 
at hand, it may be obtained as follows: Onicklime is first slaked by adding 



BURNS 


1709 


to it gradually about 30 times its weight of water. Agitate during hi hr., 
allow the lime to settle, and reject the liquid. Add to the residue of lime 
about 300 times its weight of water, agitate frequently during the next 24 hr., 
and allow the lime to settle. The clear water standing above the undis¬ 
solved lime IS lime water. 

“The parts burned or the entire body, except the head, may be kept 
immersed in tepid or warm water for days. Cream or white of eggs may be 
used, but they are apt to become offensive after 24 hr. Kerosene is an 
old household remedy. One teaspoonful of table salt in t. pint of water 
makes a solution that can be employed. Keep the patient quiet and his 
bowels active. Pain or restlessness may be relieved by laudanum, 20 drops 
repeated in 2 hr. 

“If the eye is red from contact with the flames or hot fluid, sweet oil is 
perhaps the best household remedy to drop in. A bandage lightly applied 
over the eyes to keep out the light will be soothing. 

“If the skin or the eye is burned with acid, a solution of baking soda should 
be used first. If the burning agent is an alkali, such as hartshorn or lye, 
weak vinegar or lemon juice should be used. Sweet oil should be dropped 
in the eye after such treatment. 

“If the patient has breathed the flame or steam the condition is apt to be a 
serious one, even though it does not appear so at once. Complete rest and 
quiet, an ice bag to the chest, the giving of milk and cream, half and half, 
if swallowing is possible, should be emplo/ed. Artificial respiration, as 
described elsewhere, may be applicable in some cases. 

“Speaking generally of burns and scalds, a superficial burn covering a 
large part of the skin may be more dangerous than a deep bum confined to a 
small part, for reasons which it is unnecessary to discuss in a book of this 
kind. No bum or scald should therefore be treated as a trivial matter. 
Where solutions are used the bandages should be soaked in the same before 
applying and the solution should 1^ poured over the bandaged part of 
frequent intervals. 

“Paraffin mixtures have been recently used extensively for the treatment 
of bums. The mixture is melted and then sprayed upon the burned surface. 
It is then covered with a layer of gauze and more of the mixture is sprayed 
on. Instead of spraying, the mixture may be painted on the surface with a 
sterile brush. The mixture becomes hard when it cools, forming a pro¬ 
tective coating for the burn. The paraffin should be removed once a day, 
the wound washed with a weak antiseptic solution, dried with pellets of 
gauze or cotton, after which another coat of the paraffin mixture is applied. 
Melted wax may be employed instead of paraffin. In either case a coating 
of liquid petroleum or kerosene should be applied to the wound before the 
wax or paraffin is used. 

“ The scars resulting from burns and scalds always contract, and in severe 
cases terrible deformities are produced. These may be prevented to some 
extent by active and passive motion and by splints. 

Effects of Cold—Frostbite 

‘•Frostbite.—Severe cold depresses the action of the heart, suspends the 
circulation. These effects are first noticed in the ears, nose, fingers, and 
toes. Numbness and tingling are the first symptoms, then loss of sen¬ 
sation. If not too long exposed, the circulation may be restored by proper 
treatment. But if the exposure is long continued or if the cold is very 
intense the parts are hopelessly frozen and gangrene will be the result. The 
parts may look all right for a few days after reaction and then become 
discolored, bluish, and finally black. Another effect of extreme cold is an 
overpowering sense of drowsiness, but to lie down and go to sleep under such 
circumstances is almost certain death. 

**Treatment of Frostbites. —i. Do not bring the patient to the fire until 
the circulation is restored in the frozen part. 

“2. If snow be on the ground or accessible, take a woolen cloth in the 
hand place a handful of snow upon it. and gently rub the frozen part until 
the natural color is restored. In case snow is not at hand bathe the part 
pently with a woolen cloth in the coldest fresh water obtainable, ice water 
if practicable. 

‘ 3* In case the frostbite is old and the skin has turned black or begun to 
scale off do not attempt to restore its vitality by friction, but use the treat¬ 
ment for bums described on page 1708, 

“4, In the case of a person apparently dead from exposure to cold, friction 
should be applied to the body and the lower extremities and artificial respira- 
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tion practised as in case of the apparently drowned. As soon as the circula¬ 
tion appears to be restored administer Ko gr* strychnine sulphate. Even 
if no signs of life appear friction should be kept up for a long p)eriod. as 
instances are on record of recovery after several hours of suspended animation. 

Antisepsis, Antiseptics, and the Dressing of Wounds 

“We are surrounded at all times by very minute organisms capable of 
producing various diseases or complications. They are sometimes called 
^germs,’ and more vulgarly called ‘bugs.’ The latter name is incorrect, as 
the germs belong to the vegetable and not the animal kingdom. In first- 
aid work the germs that particularly interest us are tho.se that get into 
wounds and infect them, causing pus or ‘matter’ and sometimes blood 
poison. 

“Definitions.—When these complications arise the process is known as 
’sepsis.’ ’Antisepsis.’ therefore, refers to the question of removing or 
kdllmg the germs, and ‘antiseptics’ are the medicines or other agents used 
in accomplishing these purposes. This explanation is made for the reason 
that it is necessary to use the terms ’antisepsis’ and ‘antiseptics’ in this 
chapter, there being no common names quite so expressive. There is, 
another term, ‘asepsis.’ used by doctors, which refers to the condition 
where all germs hav'e been removed or killed, but this is a condition that 
docs not often obtain in first-aid work administered by a layman, and there¬ 
fore will not be further discussed. We frequently hear a persem say that he 
has good blood because when he cuts himself the wound heals quickly. 
This is apt to give him a false sense of security and cause him to neglect the 
precautions that should be taken. Some of the worst cases of ‘sepsis’ and 
blood poison occur in strong healthy men who have harl no previous trouble 
in the nealing of wounds. Germs arc always present on the skin and can be 
demonstrated by laboratory methods. They can only be seen by a micro¬ 
scope of high power. A patient may have taken a hot soap bath before lx*ing 
injured, but his skin is not surgically clean, and antiseptics are therefore 
employed to destroy the germs that remain. 

“The Dresser’s Hands.—The one who is to make the dressing should 
see that his own hands are surgically clean before he attempts to clean or 
‘sterilize’ the wound; otherwise he is apt to transfer germs from his hands 
to the wounds or to the dres,sings. The hands should be scrubbed with a 
nailbrush, hot water, and soap. Then the finger nails should be cleansed 
and the hands scrubbed again. A good way to clean the finger nails is to 
rake them across a cake of soap, filling the space under each nail with the 
soap. As this is removed with a pocketknife the dirt comes away with it. 
Then after the second scrubbing the hands .should be soaked and rubbed 
in some antiseptic solution and not dried. The skin about the wound should 
now be scrubbed with the nailbrush and soap; and if it is a hairy part, the 
hair should be shaved for some distance on all sides of the wound before 
the scrubbing. The wound and the parts about it should then be thor¬ 
oughly cleansed with the antiseptic solution; and a cloth, preferably one 
that has been boiled, soaked in the antiseptic solution, laid over the wound, 
and bound there with a bandage. 

“Alcohol.—The antiseptic that is most apt to be at hand or most easily 
obtained is alcohol. It should l>e diluted with water, making a mixture of 
I part water and 3 parts alcohol. It creates a burning sensation when 
applied to a wound, but this is a small matter if it prevents infection in 
tne wound. Where alcohol cannot be obtained, whislcy or bran«ly, which 
contains al)Out 50% of alcohol, may be obtainable. Some experiments 
have recently been made in the San Francisco Federal Laboratory by officers 
of the U. S. Public Health Service showing that whisky and brandy are very 
good antiseptics. 

“Iodine. —Tincture of iodine, u.sually known by the layman as simply 
‘iodine,’ is one of the best antiseptics known at the present time. Its 
power is far greater if applied to a dry surface than to a wet surface. The 
burning sensation produced in the wound docs not last long. A dry sterile 
dressing over it is preferable to a wet dres-sing, as the wet dressing lessens 
its power and is apt to blister the skin. Too much iodine may also blister, 
anfi it should therefore be diluted with an equal part of alcohol. 

**Bichloride of Mcrcuiy. —An antis^tic much used in hospitals is bichloride 
of mercury or corrosive .sublimate. It is not apt to be on hand in the ordi¬ 
nary household or camp, but is mentioned as one of the agents to be kept in 
the fir8t>aid chest. It can be purchased in tablet form, 7*3 grains each and 
each tablet added to a pint of water makes a solution of i part bichloride to 
xooo xMwt of water. This strength that is safest for the layman to use is i 
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part of bichloride of mercury to 5000 parts of water. This is an excellent 
antiseptic. It is a deadly poison, however, if taken internally, and should 
therefore be handled with care. 

‘‘Peroxide of Hydrogen.—Peroxide of hydrogen has become a favorite 
and popular antiseptic. Its power in this regard is weak, but it is a cleansing 
agent and can be employed as a dressing in the absence of anything better. 
It tends also to stop oozing of blood in a wound where no large vessels 
are cut. 

“Carbolic Acid.—The pure carbolic acid should be obtained if possible, 
and as a dressing for wounds should be made into a solution of i part of 
carbolic acid to 100 parts of hot water. 

“Compound Cresol Solution.—This is a very serviceable antiseptic solu¬ 
tion. as It readily dissolves in cold water and is as powerful as carbolic acid 
solutions of the same strength. It may be employed in 1% solutions for 
any purposes for which an antisejitic solution js required. It is especially 
good for sterilizing instruments, as it does not injure them. 



“Sterile Dressings.—There can be purchased for the first-aid chest various 
kinds of sterile dressings; that is, dressings that have had all germs killed 
by exposure to heat. Sterile gauze comes packed in a box in the form of a 
roll, and it unrolls as pieces are drawn out and cut off. From a theoretical 
standpoint the gauze is no longer sterile after the package has once been 
opened; but for practical first-aid work it answers the purpose if each piece 
cut off is carefully unfolded with clean hands and the inside of the piece 
applied next to the wound. It is advisable to buy small packages, so that a 
new one %vill be opened from time to time. 

“How to Sterilize Dressings.—The one most efficient and always available 
method of sterilizing dressings is by boiling for 10 min. in plain water, which, 
from a practical standpoint, kills all gerrns that can infect a wound. If a 
dry dressing is desirable, it can be placed in a pan in a hot oven for 15 or 20 
min. and removed just as it is beginning to be scorched. If several layers 
of a sterile dressing arc applied directly over a wound and lapped around it 
at all sides, it is not absolutely necessary that the additional dressing material 
placed over this be sterile, although it is desirable. 

“Sterilizing Instruments, Etc.—If scissors, knitting needlesj ordinary 
needles, or other metal instruments or implements are necessary in dressing 
a wound, they should be boiled in water for 10 min., or can be passed through 
a flame several times, or some alcohol can be poured on the instrument 
and then set on fire with a match. Actual fire is apt to remove the temper 
from the instrument much more easily than boiling, for wliich reason boiling 
is preferable. 

'•Treatment of Wounds.— Doctors divide wounds into several classes, 
namely, incised, lacerated, contused, punctured, poisoned, gunshot, and 
infected. The nature of the first three is Rufficiently clear from their names 
and from a first-aid standpoint may be considered together. The first thing 
to do is to control severe bleeding by pressure on the wound or upon a distant 
part of the blood-vessel, as explained in the data on ‘Bleeding.' Then, after 
the dresser has disinfected his own hands, the wound should be thoroughly 
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cleansed and disinfected: these matters will be explained in 'Antiseptics.' 
Iodine, if at hand, is the test agent to use. If the wound is on a hairy part, 
as the scalp, the hair should be shaved for a distance of several inches from 
the wound. An antiseptic dressing should then be applied, or in the absence 
of any such agent one may use a clean cloth boiled for lO min. in clear water 
or in water to which table salt has been added in the proportion of i tea¬ 
spoonful to the pint. This dressing is retained by a bandage and should not 
be disturbed for any reason except bleeding if the doctor can be reached 
within 48 hr. 

“If it is impossible to secure the services of a doctor for several days and 
the wound gapes to such an extent that it cannot be readily closed by band¬ 
aging, or is in a part where a scar will mean disfigurement, the layman 
may attempt to close the wound by stitching, and this can be done by using 
an ordinary sewing needle with silk or linen thread, both boiled for 10 
min., the needle bwjing pushed through the flesh by means of a thimble, 
also boiled. The stitches should pierce the skin about an eighth or quarter 
of an inch from the edge of the wound and come out of the fleshy part of 
the wound alx)ut the same distance from the skin. They should be placed 
a^ut half an inch apart, and each one should be tied and cut off. The 
stitches should only l)e drawn tight enough barely to close the wound, 
because the swelling may make them too tight. No wound should be closed 
by a layman without leaving drainage; that is, something that will lead off 
the bloody water that oozes from a wound. 

“A piece of boiled sewing silk or linen folded back and forth and then 
twisted until it makes a skein one-eighth of an inch thick should be laid in 
the bottom of the wound and allowed to hang out at the lower end for a 
distance of an inch. This drains by capillary attraction, and there is far 
'ess danger of blood poison than if the wound were closed tightly. This 
drain should be removed after 24 hr. by simply drawing it out without 
di.sturbing the stitches. The stitch^ themselves should be left in place 
from three to six days, de^nding principally upon the depth of the wound 
and its tendency to gape. The stitching of a w-ound should only be attempted 
by a layman when a doctor cannot be reached within 48 hr. 

“The closure of a wound by sticking plaster is a questionable expedient, 
because it seals the wound, prevents drainage, and blood poison may follow. 
If the wound is not large, a strip of boiled cloth may be laid directly over 
it and the wound then drawn together by strips of sticking plaster applied 
outside the cloth. 

“ Whether the wound is closed by stitches or not, the layman should apply 
an antiseptic dressing, if such is available, and if not, a boiled cloth, as 
described above, can be used. 

“A badly contused or bruised wound should not be stitched by a layman. 
In a lacerated wound it may be necessary to trim off with boiled scissors 
a few ragged edges of skin before stitching. 

“If a wound has penetrated the belly and the bowel is protruding;, it is 
best not to attempt to push it back if the doctor can be reached within a 
few hours. It should be gently washed with the salt solution, described 
at top of page and kept covered with towels frequently wet with the 
same solution. If a doctor cannot be reached witnin a few hours, and 
the person in charge of the patient after a careful examination is sure that 
the lx)wel has not been opened or otherwise seriously injured, he should, 
after carefully washing the bowel with the salt solution mentioned alxjve, 
return it to the belly. If the l>owcl is allowed to remain for too great a time 
outside of the belly, its circulation may be cut off by the pressure of the 
belly walls and gangrene result. If the bowel has been opened or severely 
bruised, it should not be returned, as there is danger of forcing fecal matter 
out of the bowel into the belly cavity, which would cause a dangerous 
inflammation. If the bowel is not protruding from the wound, simply 
treat as an ordinary wound. 

“Punctured Wounds.—A punctured wound is one made by a piercing 
agent, such as a nail, tack, knife, or needle. Such a wound is dangerous, 
b^use it almost completely closes and does not drain. If germs are 
introduced at the time of the accident, they cannot escape. A wound 
of this kind, except of the chest or belly, should be disinfected or burned, 
and the b^t a^ent is pure carbolic acid. In the absence of suitable 
instruments a kmtting neeole or other thin blunt implement should be diraed 
into the carbolic acid and then inserted to the full depth of the wound, ^is 
should be rspeated several times. The first application causes a burning 
sensation, but the acid itself soo^ deadenr th* nart, and the subeaquant 
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applications are less painful. If the knitting needle is then dipped in 
alcohol or whisky and inserted once or twice and a little is applied to the 
skin about the wound, it will stop the burning action of the carbolic acid. 
In the absence of the carbolic acid the alcohol or whisky can be used alone, 
but are far less efficient. After this treatment an antiseptic dressing or, a 
boiled cloth should be applied to the wound. The frequency with which 
lockjaw follows punctured wounds, particularly nail wounds, makes it 
imperative that the doctor be consulted promptly and that the wound be 
not regarded as trivial because it is small in size. An injection of serum 
(tetanus antitoxin) will prevent lockjaw. 

**Poisoned Wounds.—The principal poisoned wounds met with are those 
due to bites of animals or bites and stings of insects, and these have been con¬ 
sidered under a separate heading (see p. 1701). 

“Gunshot Wounds.—A gunshot wound is similar to a punctured wound 
in that it is small and almost completely closed. If the ball has passed 
entirely through a part, as the leg, and has not struck an important vessel 
or broken a bone, the wound is apt to cause less trouble than one in which 
the ball remains in the flesh. If a portion of clothing is found in the mouth 
of the wound, it should be removed. The part should be well cleansed with 
soap and hot water and an antiseptic dressing or a boile 1 cloth applied. 
Further than this it is not best for the layman to attempt anything, par¬ 
ticularly probing for the bullets. If a bone has been broken by the ball, 
the case should be treated as described under ‘Compound Fracture.’ 

“Infected Wounds.—A wound should never be permitted to become 
infected, but it is not always possible to prevent it, as germs may be intro¬ 
duced at the time of the injury by the weapon causing the injury or on pieces 
of cloth or in dirt carried in with it. Badly contused wounds are also liable 
to become infected as the devitalized tissue is unable to resist the attack of 
harmful bacteria. Continuous or frequent irrigation with an antiseptic 
solution has been found to be the best method of thoroughly clcanr.in ; 
wounds of this kind and to keep them free from bacteria. A very v.eak 
bichloride solution (r to 15,000) may be used for this purpose, or, evt-n 
sterile water containing one teaspoonful of salt to the quart may be 
employed if nothing else is available. The Dakin-Carrel solution, is, however, 
the best for this purpose. Tablets for the preparation of this solution, 
known under the trade name of Chlorajsene tablets, can now be obtained in 
the drug stores. In order to be effcctiv^e, the solution should be introduced 
to the Dottom of the wound. A special apparatus is employed for this 
purpose. Gauze is packed around rubber tubes after they are placed in 
the wound. Only enough solution to keep the dressing damp should be 
allowed to flow into the tubes. A modification of this solution has recently 
been made in which oil is used instead of water. This makes it unnecessary 
to be continually .wetting the gauze as the oil keeps the wound moist for a 
longer period and the wound need therefore be dressed but once a day. 

Resuscitation from Apparent Drowning 

*'In the act of breathing, the oxygen from the air is absorbed from the 
lungs into the blood vessels and purifies the blood; at the same time the 
impure matters picked up by the blood in circulating through the body 
are filtered out by the lungs and pass off to the atmosphere with the breath. 
When a person is under water he can hold his breath for a short time, keep¬ 
ing out the water; then he swallows some water into the stomach, and 
as his strength fails water enters the lungs. The water in the stomach does 
no particular harm; but that in the lungs is of vita! importance because it 
stops breathing, causes poisoning of the system from lack of purification 
of the blood, and if allowed to remain for any length of time produces stop¬ 
page of the heart and death. 

“The indications, therefore, in one apparently drowned are to remove 
the water from the lungs, to make the patient breathe, and to stimulate the 

weak heart. 

“The old method of rolling a patient over a barrel to remove the water 
from the lungs is not considered efficient by those who have had most 
experience. Inverting the patient by grasping his feet and holding him 
head down for a few moments, at the same time making pressure on his 
belly inward and toward the chest, may remove part of the water. The 
chest is separated from the belly by a partition consisting of a thin flat 
muscle, and pressure inward and upward on the belly forces this partition 
up against the lungs and may mechanically squeeze some water out of the 
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tubes in the lungs. Time should not be wasted in prolonged efforts to 
remove the water, as it is important to proceed as quickly as possible with 
artificial breathing, which will not only squeeze the water out of the lungs 
but will renew respiration and revive the patient. 



Fig. i6 . 


“There are several methods that have been suggested and used for inducing 
artificial breathing, but to saxe delay in selecting one the layman should 
have explained to him in a book of this kind one method only, and that 
one the method that has been accepted as the best, namely, the Schafer 
method (see Fig. 17). 
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“Schafer’s description of this method, as quoted bv Crile, is as follows, 
except that the technical words and expressions have been eliminated 
and ordinary ones that will be understood by a layman substituted: 

“The subject, whether a drowned person or not, is allowed to lie prone, 
i.e., face downward, no preliminary manipulation of the tongue being 



Fig. 17. 

required. 'Hie operator kneels or squats either across or on one side of the 
suoiect. facing the head, and places his hands close together flat upon the 
back of the subject over the loins, the fingers extending over the lowest 
ribs. By now leaning forward upon the hands, keeping the elbows 
extended, the weight of the operator’s body is brought to bear upon the sub- 
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Ject, and this not only compresses the lower part of the chest but also the 
belly upon the ground, the pressure being fairly equally distributed. The 
rejult of this is that not only is the chest diminished in extent from before 
back, but, owing to the pressure whicn is communicated to the belly, the 
belly contents are compressed and tend to force the muscle partition 
between the chest and belly up, so that the chest is diminished in capacity 
from above down. This is no doubt the reason why the pressure method 
when applied with the subject lying on his belly is more effective than when 
applied, as by Howard, with the subiect lying on his back. The pressure 
is applied not violently but gradually during about 3 sec., and is then released 
^ the operator swinging his body hack, but without removing his hands. 
The elasticity of the chest and belly causes these to resume their original 
dimensions and air passes in through the windpipe. After 2 sec. the process 
is again commenced, and is continued in the same way, the operator swinging 
his body forward and backward once every s sec., or about 12 times a minute, 
without any violent effort and with the least possible exertion. This last 
condition, viz., the absence of muscular exertion, other than that involved 
in swinging forward and backward, renders it possible to continue the process 
without fatigue for an indefinite time. It can further be carried out unaided 
by a woman almost as well as a man. by children upon children; it hardly 
requires to be taught, a simple demonstration sufficiently teaches it to a large 
audience. Its advantages in drowning cases over any other method which 
involves the position on the back arc sufficiently obvious, for with it there is 
no risk of obstruction by water or slime or the contents of the stomach, which 
can not accumulate in the throat, but must come away by the mouth, and 
the tongue, in place of falling back, as in the position on the back, falls 
forward and is unable to produce obstruction. 

“Crile says in regard to this method: ’Schafer’s method should be used 
in all cases in the absence of medical assistance or outside of a hospital, and 
even in a hospital in the absence of immediate surgical aid.’ lie further 
says: ‘Simple artificial respiration is the only hope in drowning and other 
accidents occurring when professional help is not at hand.* When the 
patient is able to swallow, a small cup of black colTec, or hot milk may be 
given, and repeated a few times at intervals of an hour. If he does not 
swallow well, and an ordinary syringe is av'ailablc, the coffee may be 
injected into the bowel and left there, but the elTect is slower. 

“It is scarcely necessary to state that the patient should be removed to a 
warm place, the wet clothing removed, ana the lower parts of the body 
covered and artificially warmed. Pending the arrival of the doctor the 
patient should be closely watched, and if signs of collapse appear, renewed 
efforts should be made. Prolonged and systematic rubbing of the skin 
and kneading of the muscles will assist in promoting the circulation of 
the blood. 


Resuscitation from Electrical Shock > 

“An accidental electric shock usually does not kill at once, but may only 
•tun the victim and for a while stop his breathing. 

“The shock is not likely to be immediately fatal because (a) The con¬ 
ductors may make only a brief and imperfect contact with the body. (6) 
The skin, unless it is wet, offers high resistance to the current. 

“Hope of restoring the victim lies in prompt and continued use of artificial 
respiration. The reasons fur this statement are: (a) The fact continuously 
depends on an exchange of air, as shown by the fact that we must breathe 
in and out about 18 times a minute, ib) If the body is not thus repeatedly 
supplied with air, suffocation occurs, (c) Persons whose breathing has 
been stopped by electric shock have been restored after artificial respiration 
has been continued for approximately 2 hr. 

“Instructions.—F ollow these instructions even if the victim appears 
dead. 

“I. Break the circuit immediately. 

“i. With a single quick motion separate the victim from the live con¬ 
ductor. In so doing avoid receiving a shock yourself. Many have, by their 
carelessness, received injury in trying to disconnect victims or shock from live 
conductors. 

“Observe the following precautions: (a) Use a dry coat^ a dry rope, a dry 
stick or board, or any other dry non-conductor to move either the victim or 

“* Taken from “Rules for Resuscitation from Electric Shock.” Issued by 
the National Electric Light Association. 
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the wire, so as to break the electrical contact. Beware of using metal or 
any moist material. The victim’s loose clothing, if dry, may be used to 
pull him away; do not touch the soles or heels of his shoes while he remains 
in contact, the nails are dangerous, (b) If the body must be touched by 
your hands, be sure to cover them witn rubber glov^es, mackintosh, rubber 
sheeting, or dry cloth; or stand on a dry board or some other dry insulating 
surface. If possible, use only one hand. If the victim is conducting the 
current to ground, and is convulsively clutching the live conductor, it 
may be easier to shut off the current by lifting him than by leaving him 
on the ground and trying to break his grasp. 

“2. Open the nearest switch, if that is the quickest way to break the 
circuit. 

“3. If necessarv' to cut a live wire use an ax or a hatchet with a dry wooden 
handle, or properly insulated pliers. 

“II. Attend instantly to the victim’s breathing. Use the Schafer method 
of artificial respiration as described under treatment of the apparently 
drowned (p* 1713). Burns of the skin should be treated as described for 
ordinary bums. Warmth to the body, gentle rubbing, and later hot water, 
milk, or coffee if the subject can swallow, are indicated, but do not give any 
liquids whatever by mouth until the subject is fully conscious. 

DIRECTIONS TO BE FOLLOWED IN CASE OF POISONING 

“Send for the doctor immediately, if practicable, and if the nature of the 
poison is known, have the messenger inform the doctor so that he may come 
prepared. If the poison is unknowm, but the bottle from which it was 
taken is found, save the bottle, as it may help in case of legal investigation. 
If the poison has been taken with suicidal intent and the patient survives, 
the same caution is applicable that was mentioned under Drowning, Gas 
Poisoning, etc. Warmth to the body, light stimulation, and encouragement 
are indicated. 

“In treating cases of poisoning first give an antidote, if one is available; 
second, promote early and repeated vomiting to remove the bulk of the 
poison; third, give something that will help envelope the poison left in the 
stomach and prevent its further absorption into the system; fourth, remedy 
the damage that has been done, so far as this is possible. 

“The following ‘general antidote,’ which should be prepared as needed, 
should be given when poisoning by any of the poisons mentioned in this 
book occurs or if the poison is unknown: magnesia, 2 teaspoonfuls; char¬ 
coal. 2 teaspoonfuls; tannic acid, i teaspoonful. These dry powders should 
be kept thoroughly mixed in the above proportions in an air-tight bottle 
and when needed i heaping tablespoonful should be mixed with a cupful 
of water. This is one adult dose and should be repeated. 

“Should there be no tannic acid on hand, a cupful of very strong tea or 
tea of oak bark will take the place of the tannic acid and water. 

“Vomiting or puking may be induced by tickling the throat with a feather 
or pushing the finger down the throat, or by the administration of one of the 
following emetics by mouth: 

"'Mustard. —One tablespoonful stirred to a cream with a cupful of tepid 
water. 

"Common Salt. —One tablespoonful to a cupful of tepid water. Not very 
certain as an emetic. 

"Alum. —Two teaspoonfuls to a cupful of tepid water. This is a rather 
feeble emetic, 

"Ipecac. —Give i tablcspoonful of the sirup in a cupful of tepid water. 
Repeat once if necessary. 

“The doses recommended throughout thi.s article are for adults; the 
amount should be proportionately small for children as follows. Divide age 

of child by la more than age. For 6 year old -- of adult 

6-+-13183 

dose. 


Unknown Poison 

“Give 'general antidote’ following by emetics or raw whites of several 
eggs; or, in their absence, miik, or flour and water. The white of egg, 
particularly, is inclined to pick up part of the poison left in the stomach 
and hold it until the patient can be made to vomit again. If the body is 
limp and respiration i.s feeble, tea or coffee can be given as a stimulant, and 
warmth applied to the body with massage or rubbing will tend to support 
the circulation. 
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Opium, Laudanum, Paregoric, Morphine, Codeine, Heroin, Indian Hemp 

“Give the ‘general antidote,’ or potassium permanganate (>3 teaspoonful 
dissolved in a pint of water, no undissolved crystals should remain in the 
fluid), or peroxide of hydrogen (2 teaspoonfuls in a pint of water), or borax, 
or baking soda (about i tablespoonful to the pint of water) followed by an 
emetic. Whites of eggs and considerable quantities of strong tea or strong 
black coffee should be given, or if unable to swallow, inject the coffee into the 
bowel with a syringe. 

“Give sweet spirits of niter (i teaspoonful in water three times a day) to 
aid excretion by kidneys. 

“Keep patient awake by shaking, striking with wet towel, applying cold 
water over face and chest, or forced walking. 

“Wines and liquors must not be given. 

“When respiration becomes slow and irregular, artificial respiration should 
be employed, the same as is used to restore the partially drowned. 

“After the dangerous symptoms have subsided, the patient should be put 
in bed, warmth applied, and he should be carefully watched for some time. 
Arsenic, Ratsbane, Paris Green, “Rough on ^ts,” Fowler’s Solution 

“The best antidote, if the ingredients can be obtained, is prepared by 
mixing a teaspoonful of magnesia with a cup of water, adding 2 tablespoon¬ 
fuls of tincture of iron, stirring well, and giving the whole in one dose; or 
the ‘general antidote’ may be given, followed by emetics, raw whites of 
eggs mi.\cd with water, or large drinks of hot greasy water, or salt and 
water (tablespoonful to pint), or strong tea. Magnesia may be given in 
tablespoonful doses mixed with water. Lime water in large quantities 
is of some value, and in its absence lime which rnay be scraped from the 
walls or ceiling and mixed with water may be administered. 

“Protect stomach with 2 tablespoonfuls of sweet oil, gruel, starch, muci¬ 
lage, flaxseed tea, or elm-bark tea. Castor oil (2 tablespoonfuls) should be 
given after vomiting occurs even though the bowel movements are frequent. 

“Pain can possibly be lessened by hot bottles to the stomach and bowels. 

“ Keep patient warm with artificial heat or extra garments, and give strong 
coffee to avert collapse. 

Strychnine, Nux Vomica (Dog Button), Fish Berries, Ignatia Bean 

“Give ‘general antidote’ or charcoal (i tablespoonful) or strong tea 
followed by an emetic, then 15-gr. doses of bromide of soda or potash in 
water repeated every hour until three or four doses have been taken. Several 
whiffs of ether may be inhaled from a handkerchief at the beginning of a 
spasm. 

“(nvc sweet spirits of niter (i teaspoonful in water three times a day). 

“Follow by a purge of Epsom salt or any other saline cathartic that is at 
hand. 

“Artificial respiration should be employed the same as is used to restore 
the partially drowned (p. 1713). Remove the patient to a darkened room 
and keep as quiet as possible; avoid any sudden noises. 

Bichloride of Mercury (Corrosive Sublimate) 

“Promote vomiting, if not already present, by giving mustard in water. 
Do not use salt as an emetic. 

“Give raw whites of eggs in water or milk or give milk or mucilage in 
abundance. In absence of eggs, chop up raw, lean meat finely and diffuse 
through water or milk and give. It is necessary that vomiting be induced 
after the eggs, milk, or meat are given, as the mixture formed of these sub¬ 
stances will be absorbed if allowed to remain. 

“The 'general antidote,’ strong tea, and later flour and water, barley 
water, or flaxseed tea, or elm-bark tea may be given. 

“Borax in water, about a tablespoonful to the pint of water, is recom¬ 
mended, but is of doubtful value. 

“Stimulate with strong coffee if necessary. 

Acid Poison—Acetic, Muriatic, Nitric, Sulphuric, Btc. 

“ Give no emetic. 

*|Give ‘general antidote,’ large drinks of water (or milk) with chalk, 
whiting, borax, magnesia, or baking soda, or wood ashes, or strong soap¬ 
suds; plaster from the wall may be given in emergency; olive oil, raw whites 
of eggs beaten up with water, and later flaxseed tea, elm-bark tea, gruel, 
starch, mucilage freely. 

“Laudanum (20 drops) may be given if there is much pain. 



1720 


APPENDIX 


Carbolic Add and Creaol and Coal-tar Diainfectants Generally 

** Give alcoholic liquors (whisky, brandy, etc.) or equal parts of alcohol 
and water freely to dissolve the poison. Produce vomiting to get rid of the 
alcoholic mixture. In the absence of alcoholic liquors, give vinega^ soap¬ 
suds, or raw whites of eggs in water. Give solution of Epsom or Glauber 
salt or sodium phosphate well diluted to hasten elimination of acid that 
may have entered the circulation. 

‘*^Do not give oils or glycerin. 

" Milk gruel, flaxseed tea, or elm-bark tea may then be given. Hot applica¬ 
tions to extremities. For collapse give strong coffee. Apply artificial respi¬ 
ration if breathings tops. 

Alkali Poisons—Lye, Hartshorn, Pearlash, Etc. 

‘‘A^ist vomiting with large drinks of tepid water. 

“Give vinegar, lemon juice or orange juice, hard cider, whites of eggs 
beaten with water. 

“Follow by sweet oil. milk, gruel, barley water, flaxseed tea, or elm-bark tea. 

Ptomaine Poisoning from Fish 

“The symptoms of ptomaine poisoning are practically the same as thosi 
of cholera morbus. 

“General antidote, emetics, copious drinks of strong tea, repeat emetic, 
then castor oil (2 tablespoonfuls) should be given. Continue treatment as 
given for cholera morbus. 

Cholera Morbus (Sporadic Cholera) 

“Cholera morbus is an affe''tion of the stomach and interlines, attended 
by vomiting, purging, and cramps. It comes on suddenly, and may begin 
by vomiting or purging. It is usually met with during the hot months of 
summer. It is frequently caused by eating unripe and indigestible fruits 
and vegetables, decomposed or improperly cooked fish, shellfish, or salad 
mixtures. Drinking large quantities of iced water and sudden checking of 
the perspiration, or irritants of any kind, may set up the trouble. The dis¬ 
ease usually begins suddenly, often at night, with vomiting, after a feeling of 
uneasiness, nausea, or a severe cramp. The contents of the stomach are 
first thrown up, then a bilious matter. The stools are at first solid or semi¬ 
solid, but they soon become more watery, lose their color, and sometimes 
appi^r not unlike the rice-water stools of genuine Asiatic cholera. The 
patient soon has a wasted look. His thirst is unquenchable. His skin may 
become cold and clammy and the pulse very weak. Cramps may occur in 
the feet and in the calves of the legs. The disease runs a rapid course. 
The acute symptoms may subside in a few hours. The attack seldom lasts 
more than 12 hr. Recovery is the rule, but treatment should be promptly 
applied. 

“Treatment—Apply a large mustard plaster to the abdomen. Give 1 5 
drops of laudanum. If the dose is rejected (immediately vomited), try it 
again. If it is still not retained, then try two tablets of Sun cholera mixture. 
If vomiting quickly occurs, then inject into the rectum by means of a glass 
or rubber syringe about 20 drops of laudanum mixed with a little thin starch 
or a little water. The rectal injection should be given immediately after 
an evacuation, and the patient should be instructed to hold it as long as 
possible. In whatever way the remedy is given, the dose should be repeated 
in about one hour if the vomiting and purging continue. 

“If must not be forgotten, however, that all these remedies contain opium, 
and that if the patient is inclined to sleep or shows other constitutional 
effect of the drug the dose must not be repeated, 

“The nausei^ and thirst may be controlled by cracked ice placed in the 
mouth. Small quantities of carbonated water may be allowed. If the 
thirst is very urgent a tablespoonful of iced water may be given at short 
intervals. 

Poison Ivy 

“Treatment. —Bathe with salt water or a boric acid solution, x teaspoonful 
in a glass of hot water. Open the large blisters and let the water out. 
Every day bathe the infected areas with warm water, dry without rubbing, 
and apply the boric acid solution. 
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Sunstroke 

*'Caiise.-^Prolonged exposure to strong rays of the sun or high humid 
tem^rature. 

“Frevention.—Proper head and spine protection under tropical sun and 
avoidance of travel under extreme conditions of heat. Drink water sparingly. 
Oatmeal water in small quantities quenches thirst. 

“There are two varieties of trouble: 

“i. Heat stroke (heat fever), in which the body temperature is high. 

“a. Heat prostration, in which the surface of the body is cool, sometimes 
below normal. 

The difference is very important as the treatments are radically different, 

**Symptoms and Trea^ent. Heat Stroke.—Severe cases the victim may 
fall imconscious and die instantly. The usual case manifests intense headache, 
dizziness, nausea, vomiting and hot skin. Temperature may reach ios®P. 
Pulse full and may be either slow or rapid. Patient sinks into stupor and 
unconsciousness. They recover under treatment or die within 24 hr. 

Treatment. —Reduce temperature of body at once by cold-water bath, 
ice pack on head till temperature of body as shown by a thermometer in the 
rectum is reduced to ioo*F. If the temperature rises again repeat the 
treatment. 

“If the patient is exhausted after the reduction in temperature give Ho 
gr. strychmne sulphate. 

**Heat prostration with a cool skin and weak rapid pulse stimulants are 
required. Wrap patient in blankets, hot-water bottles at feet and around 
abdomen; give Ho W, strychnine sulphate. If head is hot, cold-water pack 
can be applied to head only. If vomiting occurs inject hot salt water 
solution into rectum (i tablespoonful of salt to i pint of water).” 
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Abrasion 

Allowable values 

Bituminous concrete aggregate, 

492 

Brick paving block. 720 
Cement concrete aggregate, 456, 
1383 

Macadams, 440, 446, 713. 1383 
Stone block. 1405 , 1482 
French coefficient of, 706 
Percentage of loss (Ordinary 
rocks), 709 
Tests for 
Brick. 716 
Crushed stone, 706 
Gravel, 742 
Sand, 739 

Stone block (Same as crushed 
stone) 

Absorption (Test for) 

Paving brick, sio, 720 
Stone. 707 i 74 i 
Abutments 
Cost 

Detail data, 1229 
Estimate forms, 1150-1164 
Quick estimating diagrams, 3x0, 
648. 768 , 762 

Design {see also Bridges), 207, 1046 
Examples of, 241, 246, 258, 265, 
284, 293. 294 
Forms 

Design, 1020 , 1062 
Examples, 134 S -1363 
Removal, 1276 , 1347 , 1631 
Finishing, 153X, 1277 , 1361 
Foundations (see also Bridges), 

207, 1061 

Lengths, 241, 258, 293. 317. 318 
Inspection, 1334-1368 
Quantities required, 241, 246, 258, 
26^. 284. 768 , 762 
Specifications, 24s, 261. 289, 

1608-1633 

Accidents (First aid). 1699-1718 
Accidents (Highway) 

Causes of 

Ordinary highway, 34* 606 
Railroad crossing. 606 
Location of. 34 

Prevention of (ies Safety provi¬ 
sions), 33. 606 


Accuracy (Degree required) 

Office work 

Alignment, 945 
Cross sections, 947 
Planimeter areas, 969 
Profile, 947 
Topography, 946 
Surveys 

Chaining. 832 , 942 
Curves, 856 , 888 , 890 
Levels. 833 , 906 , 909 , 942 
Meridian determination, 912 
Stadia, 862 , 932 
Topography, 836 
Adhesiveness Test» 723. 729 
Adjustment of Instruments, 862 
Administration 
Principles of, i -73 

Cost of highways, 7, 9, 10, 16, 
6 Sf 520 

Current practice, i 
Economy (Field for), i, 53, 55, 

747 

Organization, 49, 5S2, 1271 
Pavements (Generalsuitability), 
6, 40, .585r 962 

Progressive Improvement, 2, 
586 

Summarized general principles, 
72 

Safety of traffic, 33 
Tax problem, 17 
Traffic requirements, 26 
Value of highways 
Economic, i, 3, 10 
Intangible, 3. 4 
Volume of traffic and road 
capacity, 6, 28 

Adverse Grades {see Grades), no 
Age of Pavements {see Life of pave¬ 
ments), 531 , 535 

Alignment (General discussion), 
113-121 

At bridge approaches. 634 
" Hair-pin turns (Switchbacks) 
121 , 960 

** Hills, 117. 120, 634, 960 
'* Railroad grade crossings, 609, 
630, 634 

Dangerous alignment, zx4, 631, 
632 



INDEX 


Alifnmeiit (General discussion) 
Effect on construction cost, 119 
** “ crown of pavement, 

134 , 

“ “^de, 117.x 18 

'* '* location surveys, 82 

" '* loads (Horse traffic), 117 

“ motor operation cost, 

Z18 

“ “ sight distance, 114 

“ “ width of pavement, 116^ 

130, 958 

" “ “ ** right of way. 

177 

Effect on width of section, 115 
Effect on vehicle clearance, ijo 
Encroachment of long wheel ba^e 
ri^, 116 

Minimum radii (current practice), 
116 

“ “ (recommended 

practice), 6, 8, lao, 950 
Office methods. 544 
Principles of location. 82 
Sight distance requirements, 7, 9 , 


„ 114. 177 

Switchback alignment, 121, 950 
Summary of alignment practice, 
82, 120, 634* 950 
Survey methods, 83t 
Alternate Designs 

Examples of, 642, 647, 1096 
Value of, 747 . 94S 
Altitude 

Barometric determination, 78S 
Refraction corrections solar obser¬ 
vations. 9S8 

Amiesite Pavement {sec also Bitu¬ 
minous Concrete) 

Amounts of material, 497, 1186 
Cost data, 1186 
D«scriptjon, 496 
Materials, 497 

Suitability, 6, 8, 47, 49X» 598 
Specifications, 14f>5 
Amounts of Materials 

Required for. {See also type of 
Pavement or Structure) 
Pavements 

Amiesite. 497, 1186 
Bituminous concrete, 496, 
1158, 114s 

** macadam, 446, 

IHt 

Brick pavements, 5x1, /£/ 4 . 

1146 

Concrete (Portland cement), 
461, long. 114s 
Gravel roads, 356, 433, 1154* 
1150 

Macadam foundations, 429- 
437, 44 Xt ilS4* 1166 
Sand clay roads, 347» 1447 
Waterbound macadam, 441, 
1140 
Structures 

Concrete, 466, 495, 1095, 

list 

Steel, 3 x 3 , 760^763 
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Amounts of Materials, Required for. 
Structures 

Timber, 294-307, 798 
Aneroid Barometer, 785, 817 
Annual Charges (General) 

Bonds (finance), 33 
Construction (contractor’s equip¬ 
ment), 1238-1266 
Maintenance 

Bridges, 210, 1251 
Pavements, 7, 9 . 65 . S20 
Railroad crossing protection, 600 
Reconstruction of pavements, 

6 s. 520 

Survey and camp equipment. 
891,, 902 

Apportionment of Funds, i, 72 
Arches (Reinf reed Concrete) 

Axis (trial shape of), 10S6 
Cost of, 322, / 152, 1154 
Design specifications, 326, irs5 
Examples of, 248, 249 
Forms for, examples, 1360, 1620 
Removal of. 1147 
Foundations for. 207, 1061 
Inspection of. 1SS7—1S6S 
Joints (construction), 1357 
Specifications (construction), 
1496-1533 

Test of stability (empirical), 
1085 

Thickness (trial value), 1087 
Use of (proper economic), 30% 
1006 

Areas 

Methods of Computing 
Formulae, 1676 
Planimeter, 969 
Scaling. 970 

Rt. of ways (Land Areas) 

Double meridian distance, 1093 
Planimeter, 969, 1093 
Units of measure, 1673 
Arid Region Roads, 365 
Artillery Loads (Military), 202 
Asphalt {see Bitumens) 

Asphalt Block Pavement 
Construction methods, 5*3 
Cost 

Detailed data, 1208 
General comparative, 513 
Description, 513 
Design 

Current practice, 513 
Recommended practice, 514. 


515 

Theoretical design of base, 392, 
427. 4a7» 960 

Durability of pavement surface. 
513. 535 

Economic limitations of use, 58, 


913 , 962 

Failures cause of, 428 
Grade limitation, 425, 962 
Maintenance 

Cost and methods, 569. 542 
Materials 

Amounts required, $>8 
Specifications for, 5X3* 1406 
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Asphalt Block Pavement, Materials 
Suitability of, 513. 5i5» ^406 
Tests and sampling. 766 
Specifications, 14O6, 1474 
Suitability of pavement, 58, 513, 
96 ^ 

Yearly cost, 542 
Asphalt (Kentucky rock) 

Cost data, 1183 

Asphalt Pavement (Sheet, Topeka 
mix, etc.), 491-506 
Aggregates, grading of, 492. 

1333, 1438. 1459-1470 
Concrete foundation, 418, 497, 
960 
Cost of 

Detail data, 1187 
Estimate forms, 1138, 1142 
General data, 65. 491 
Crowns, 124, 504. 060, 957 
Design of, 492. 497, 1319 
Durability (Life), 520, 535 
Economic limitations of use, 40- 
48. 58. 49*1 579 » 585. 962 
Failures (Common causes), 428 
Inspection of construction, 1313 
Limitations of use, 425, 428, 491, 
579 . 58s. 962 

Materials (Amounts), 495 , 1155 , 

1142 

“ (Suitability), 492, 1336, 
1388 

Maintenance 
Cost. 65, 491. 520 
Methods, 564 

Specifications, 1386, 1383, 1426 
Weight 

Surface mix, 496, 1459 
Black base. 496 
Yearly cost. 65, 491, 520 
Asphaltic Concrete Pavements {see 
Bituminous concrete), 491-506 
Authority of Inspectors, 1271 
Automatic Signals at Railroad 
Crossings 
Cost, 600, 602 
Effectiveness, 600, 602 
Financing, 601 
^ecifications, 621 
Types of signals, 621 
See also Railroad grade cross- 


ings ^ 

Automobiles (Their effect on (gen¬ 
eral policy and detail design) 
Accidents (Causes and location*;), 
33 , 606 

Character of Traffic 

Range of travel (local and long 
distance). 38 

Speed, regulation of, 28, 37, 37 i 
Types of hauling, 26 
Volume, comparative amount 
local, 37 

Volume, growth of, a8 
Weight, regulation of, 28, 370 
Cost of Operation 

Effect of aUrament. 118 

*' grade design, la, 93 


Automobiles, Cost of Operation 

Effect of location problems 74-“ 
80 

“ “ pavement surfaces, 11 

Effect on pavement selection, 
II 

Inefficient operation, 96 
Cost of maintenance Per vehicle 
mile, 18 

Emergency stops, 114 
Gasoline consumption, 18, 68, 96 
Gasoline tax, 68 
License Fees 

Amount required, 17-22 
Reasonable use of, 17 
Safety of Operation {Requirements 
^ of), 33-37 

Crown, one way, 7, 9 . 33 . 124 
Curves, easy alignment, 6 , 8 
120, 960 

“ , superelivation, 7, 9 . 33 . 

I 24 » 966 

Ditches, shallow, 142 
(luard rail, 7, 9 , 33 . 676 
Illumination, 699 
Pavement surfaces, 428, 58s 
962 

Pavement widening, 130. 958 
Railroad crossings, elimination 
of. 599 

Section, shape and width, 130. 
961 

Sight distance, 6, 8, 1x4, 960 
Signs, danger and guide, 599, 
609, 687 

Vertic.al curv'es, no, 634. 965 
Tax Burden {General principles), 17 
Trucks 

Effect on design, 370 
Effect on general policy, 26 
Operation costs, ii, 96-101, 

lies 

Regulation of (Speed, weight, 
height, length), 28, 37X 
Tax burden, 17 

Types suitable for various uses, 
26-28 

Wheel Loads 

Impact, 202, 372, 1040 
Recommended design loads, 
200, 370, 1039 

Backwater Head, 196, 1025 
Balanced Sections 
Examples, 162, 786 
Quantities, 786 
Banking Curves 

Grading shapes, 127, 963 
Layouts at curves, 128-129. 599 
Pavement superelevation, 124,955 
“ width, 132, 968 
Practical rules, 125, 127*966 
Theoretical discussion, 124 
Use of, 7. 9 , 124, 966 
Bar Reinforcement {see Reinforce¬ 
ment) 

Sizes and weights, 1061 
Specifications, 1419 
SpUcing. 1412 


m 
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Barometer Altitudes, 78t^ 817 
Base Line (Survey dO, 8S1, 906 
Base Pressure (Foundations) 
Distribution of, 10A6 
Intensity of (Safe), 208, 1051 
Diagrams of, 1087^ IO46 
Batter Piles 

Necessity for, 1343 
Beams 

Depth ratio (Deflection), 1061 
Formulae for flexure, 1028 
Safe loads concrete beams, 1078- 
1074 

** steel beams, 1068-1067 
** ** timber beams, 1076 

Deflection 

Formulae, 1088 
Table. 1077 
Bearing Power of Soils 
Bridges, 208, 1061 
Pavements, 374 

Beautifyii^ the Highway (Tree 
planting), 177 

Bench Levels {see Leveling) 

Bench Marks. 8SS, 906 
Bench Sections (Mountain roads) 
Examples, i6s. 79S 
Quantities. 79S 
Binder (Asphaltic concrete) 

{See Bituminous concrete) 

0)st, 1x38, X187 

Grading. 499 - 504 . ISSO, 1467 

Materials 

Amounts, 49s* 1188, 1187 
Suitability, 493 , 1886, 1437 
Specifications, 1386, 1436 
Weight, 496, 1138 
Bito Slag {see Bituminous concrete) 
Bitolithic IHivement (Warren Bros.) 

{see Bituminous concrete) 
Bitumens 

Amounts required 

Bituminous concrete, 495 » 1138, 

1148, 1488, 1469 

macadam, 446, 1148, 

1A68 

Cola patch repair, 558 
Joints, 511 

Oiling (Surface), 561, 1881 
Cost of applying as binder, 1148, 
1169 

(!^t of applving as surface 
treatments, 562, 1881 
Maintenance use, 561, 1881 
Properties of 

Specifications, 1588 
Sampling, 768, 1814 
Suiiability and Specifications 
Bituminous concrete, 492, 1399 
Bituminous macadam, 446, 

1899 

0 )ld patch repair, 558, 1899 
Joints, SIX. 1401 
Oiling (Surface). 563. 1899 
Tests for 

Adnesiveness. 723 
Ductility, 729 
Evaporation, 729 
Plash, 727 


Bitumens, Test for 
Penetration. 728 
Solubility, 730 
Specifle gravity, 727 
Use of for 
Binders, 720 
Cracks, 565 
Joints, SI I 

OiKng (Surface), 561, 720 
Volume at different temperatures. 

754 

Bituminous Concrete Pavements, 

491 -SOS 

Concrete base for, 418, 426, 407, 
960 

Construction methods, 1313 
Cost 

Detail Data, 1187 
Estimate forms, 1138, 1148, 
1187 

General comparative, 66, 491 
Design 

Current practice, 491-S05, 
I486, 1469 

Recommended practice, 418, 
426, 402. 960 

Theoretical surface mixtures, 
491-50S 

Base courses, 491-505 
Durability of pavement surface, 

491.535 

Economic limitations of use, 
491, 968 

Equipment for construction. 
1864 

Failures (Common causes), 428 
Grade limitations, 425, 968 
Inspection details 
Culverts, 1873 
Grading. 1888 
Pavement, 1813 
Maintenance 
Costs, agi, 520-544 
Methods, 505, 564 
Materials 

Amount required, 495 
Sampling, 191k 

Specifications lor, I486, 1388, 
1886 

Suitability of, 492 
Tests for {see Si)ecific material 
used) 

Reconstruction, 579-598 
Specifications, i486, 1469 
Suitability of pavement ^general 
conditions), 40, 491. 570 . 968 
Bituminous Macadam (Mixing 
method, open mix) (see Bitu¬ 
minous concrete) 

Bituminous Macadam Pavement 
(Penetration method), 443-440 
Construction methods, 1891-1899 
Cost of 

Detail data, 1166-1178 
Estimate forms, 1141 
General data, 65. 443, 662 
Crowns, 124, 448, 960 
Depths recommended (differs tt 
•oils), 39Xf 869 
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Bituminous Macadam Pavement 
(Penetration method) 
Description, 443 
Design 

Current practical, 149, 445 
Recommended practice, 390, 

444, 969 

Theoretical, 366-391 
Durability of pavement surface, 

444, 531 , 

Equipment for construction, 

1243-I£64 

Examples of current practice, 149* 

445 

Failures, common causes, 428 
Inflection of construction 
Culverts, I!87S 
Grading, 1288 
Pavement, 1291-1299 
Life of pavement, 444, 53* 
Limitations of use 

Economic, 40, 58, 443, 586, 962 
Physical, 101, 425-428, 962 
Maintenance 
Costs, 6s, 444, 5*^544 
Methods, 448, 557 
Materials 

Amounts required, 446, 1132- 

114s 

Specifications for, 1383 
Suitability of, 446, 1383 
Tests for, 705-745 
Maximum grades, loi, 425. 962 
Proper use of flexible pavements 
Location, 6-9. 40, 443, 962 
Extent (examples), 42 
Reconstruction, 579-598 
Specifications, 1438, 1383 
Suitability of pavement (general 
condition), 6^>, ao, ^2%. 962 
Thickness required on different 
soils. 390, 969 

Thickness of top course, 448 
Typical sections, IA9, 160, 44s 
Yearly cost of upkeep, 65, 444. 
519-544 

Bituminous Surfacings 
Amounts of materials 

Bitumen, 561, 1221, 1223 
Cover, 561, 1221, 1223 
Cost data, 562, 1221 
Description, 440, 561 
Methods, 561 

Relative value of materials, 440, 
562 

Specifications, 14j^3, 1399 
Black Base (see Bituminous con* 
Crete) 

Cost, 1138, 1187 
Design, 497t i330 
Inspection, ISIS 
Materials 

Amounts required, 495 
Suitability of, 492, ISSe, 1S88 
Specifications, 1S26, 1436 
Weight of, 496 

Blaiti^ (Small boulders). It SO, 

lire 

Bleeding (First aid), 1702 


Block Pavement 
(See Type desired) 

Asphalt 

Bnck 

Stone 

Wood 

Bolts 

Weight of, 1070 
Bond Stresses 

Bar reinforcement, 1036 
Bonds (Highway finance) 

Cost of 
Serial, 19 
Sinking fund, 19 
Terms of 

Reasonable length. 19, 601 
Yearly retirement budgets. 19 
Bottom Courses (see also Type of 
construction desired) 

Cost of, 429-436, 1134-1138 
Depths of (see Pavement depths), 
389, 426, 959-960 
Design of 

Flexible Type, 366-391, 969 
Rigid pavements, 392-427, 960 
Inspection of, 1291 
Materials (see Type desired) 

Types (Description and specifica¬ 
tions) 

Black base, 501, 1436 
Boulder, 430. 1431, i486 
Concrete, 497. 1439 
Gravel, 430, 1430 
Macadam, 429, 1433 
Telford, 433, 1431 
Boulders 

Cost of sledging, 1176 
Boulder Base 

Construction, 1291, I486 
Cost, 430, 431, 1132, 1183 
Depth, 389, 390, 430, 969, 1291 
Design, 389. 430 

Examples of, 149-161, 430, 439 

Inspection, 1291 

Materials 

Amounts required, 430, 431. 
1132 

Suitability of. 431, 432 
Specifications, i486 
Suitability, 389. 430. 43 * 

Box Culverts (see Culverts) 

Cost, 213. 67s. 797, 1160. 1226 
Examples, 220-236 
Inspection, 127S 
Suitable use, 212 
Types of, 212 

Brick Cube Pavement (McClintock) 
Cost data. 518, 1184 
Description, 516, 585, 59a 
Brick Pavement (Standard) 
Construction data, ISSO 
Cost of 

Detail data, 1210 
Estimate forms, 1146, 1214 
General data, 65, 506, 66a, 769 
Crowns, 124. 513, 960 
Cushion 

Cement sand, 506-513. 13St ^ 
Sand, 506-513, ISSl 



INDEX 


Brick Pavement (Standard) 
Description, general, 506 
Design 

Current practice. IS 3 . 424 
Recommended “, 426, 508, 

960 

Theoretical (Base thickness), 
4?I, 426. 960 

Durability of pavement surface, 
535 

Economic limitations of use, 40. 

46, 428, 506, 58s. 962 
Edging, 509 

Equipment for construction. IS43 
Examples of current practice, 153, 

424 . 

Expansion joints, 511 
Failures, common cause, 428 
Inspection of construction 
Culverts, JB7S 
Grading. 1£88 
Pavement, IS SO 
Life of pavement, 535 
Maintenance 
Cost. SI 9-544 
Methods, 569 
Mastic filler, IS34 
Materials 

Amounts required, 511, 114(>, 

iei 4 

Sproifications for, 1SS7, 14O6 
Suitability of, 508 
Tests for, 716-745 
Proper use of rigid pavement, 40, 
428, 579 . 962 

Location. 40, 428, 506, 962 
Extent (example), 44 
Reconstruction, 588 
Specifications 

(dement sand cushion type, 
1476 

Standard tvpe, 1476 
Suitability of pavement (Cicneral 
conditions), 40, 46, 428. 506, 
58s. 962 

Typical sections, 153. 504, 509* 
590 

Yearly cost of upkeep, 65, 519-544 
Brick (Paving) 

Hillside, 513 
Properties, 508, 71S 
Sampling, 765 
Specifications, I4O6 
Tests, 716 

Bridge! (General data). 180-334 
Economic types, 205-213, 1005, 
154^ 

Financing Cbond terms), 26, 603 
General costs, 310-326, 648-675 
Loadings, 6-9, 200, 1005, 1547, 
10S9 

Roadway widths, 6-9, 203, Z005, 
1546, 633 

Specifications (general design), 
6-9. 1005, 1645 

Bridget (Small span) Detail Data 
Condemnation of, 211, 779 
Construction of, 1884-^1 S70, 
149M-1S7M 


Bridges (Small span) Detail Data 
Construaion of. 

Concrete uork 

Amounts of materials, 1092, 
1151, 495 

Finish, 1277, X 53 X. 1621 
Forms, 1343, 1526, 1518, 
1026 

Joints (Location), 1867, 1628 
Order of placing, 1868 
Protection of, 1517, X531 
Speed of mixing, 1276 
Specifications. 1492-1672 
Foundations 

Soil loads, 208. 1051, 1837 
Piles “ (Design), 208, 1061 
Test piles, 1S8S 
Equipment, 1264 
Inspection. 1 S 84 
Records, 1100 
Specifications, 1492-1572 
Staking out, 1334 
Cost of 

Detail cost data, 1226-1231 
Estimate forms. 1160-1155 
Typical cost diagrams (quick 
estimates), 310-327, 648-675 
DestRn Data 

Abutments, 207, 241, 258. 284, 
293. 1046 

Channel improvements, 181 
Clearances 

Debris, 186, 1025 
Ice, 186, 1026 
Portal, 203. 633, 1646 
Railn'ad, 633 
Concrete (Mix required) 
Abutments, 245, 261, 289, 
1362 

Superstructures, 225, 240, 

257. 273. 1611, 1524 
Cost of design, 747, 775, 1004 
Discussion of design (General), 
180-213, 1004, 1546 
Flood flow, 186, 1021, 1026 
Floors 

Depth, 206, 1026 
Distribution of loads on, 
1042, 1649 
Life of. 1231 
Repair of, 1231 
Surfaces, 210 
Forms 

Examples of, 1343 
Loads (Vertical), X02(^ 1052 
Pressures (Fluid), 1026, 1062 
Specifications, 1618, 1626 
Formulae (General design). 

X028, 16 46 
Foundations 
Depth ofj 1061 
Distribution of base pressure, 
1046 

Loads (Safe foundation) 
Soils, 208, 1051, 1337 
Piles, 208. 1061 
Loads (Superstructures) 

Dead, 199. 1038 
Live, 6 . 8 , 200, X039 
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Bridges (Small ^an) Detail Data, 
Design Data, Loads (Super- 
structures) 

Impact, 202, X040 
Distribution of, 203, 1043 
Location of structure, 181 
Piers, 207, 1005 
Plans (Typical), 1006 
Roadway widths. 6, 8, 203, 633. 
1006, 1646 

Scour, protection from, 211 
Strength of materials, 203. 1033 
“ “ structural units. 203 

Stresses in materials, 203. 1034 
Superstructures (Economic 
type). 6, 8. 205, 1005. 1546 
Tables of design cTata, 1026 
Dismantling old steel, 1231 
Examples of current practice 
Abutments 

Concrete, 241. 258, 284, 293 
Pile, 294, 298, 302, 303, 308 
Timber, 294, 298, 302, 303. 
307 

Superstructures 

Concrete 

" arches, 248-250 
“ girders. 251 
" slabs. 237-248 

“ tee beams, 252 

“ trestles, 308 
Steel 

“ I beam stringers, 265- 

. 

girders, 290 
Timber 

“ queen post, 302 
“ king post, 301 
“ stringer, 294, 298 
“ trestle, 303. 307 
Inspection of construction, 1SS4 
Maintenance and life of, 210. 1S31 
Plans (Typical). 1006 
Repair of old bridges 
Cost. 1 £31-1237 
Painting, 210. 1S31 
Strengthening, 779 
Specifications, 1492-1572 
Surveys, 94£ 

Utilization of old structures, 210, 

1013 

Bruises, 1699 

Brush Mattres^ 1500 

Burke-Ziegler Formulae for Runoff, 

188 

Burns and Scalds, 170S 
Busses {see Automobiles) 

Effect on bridge widths. 203 
Effect on pavement width, 130 
Operation cost (Relation of 

items), 99 

“ “ pavement sur¬ 

faces, 11 

Rear wheel encroachment, 116 
Widths and clearances, 130-141 

Cable Guard Rail 
Cost, 662. 769, 1166 
Examples, 679 , 680 
Specifications. ^ 414 , 1489 
Ifs* of, 6-9, 37. 676 


Calcium Chloride 
Cost data, 1££0 
Description, 561 
Use of 

In concrete, 486 
On macadam, 561, 1£20 
Camber 

Concrete bridges, 240, 257, 13/^ 
Steel bridges, 1661 
Camera (Notes on photography), 
818 

Camp Equipment 

Depreciation, 90£ 

Lists of, 894-904 

Capacity of Bridges (Volume of 
traffic), 203, 1005 

Capacity of Culverts (Flow of 
water), 104, 1082 

Capacity of Ditches and Streams, 

334. 195 

Capacity of Highways (Volume of 
traffic), 6-9, 28, 968, 969 
Capillary Rise of Water in Soils, 37s 
Car Tracks {see Track) 

Examples. 154, 175, 176, 643 
Cost, 662, 769 
Cast Iron 

Specifications, I4IS 
Weight. 1038 

Cast Iron Pipe 

Cost. 213, 661, 67s, 797, 1148 
Culverts 

Examples of, 219 
Inspection of, 1273 
Dimensions. 1079 
Flow capacity, 194 
Specifications, 1409, 1667 
Weight, 1079 

Catch Basins {see also Manholes) 
Examples oC 689-695 
Grates for, 689-695 
Specifications. 1487 
Cattle Guards, 699 
Cattle Pass 

Clearances for. 699 
Cement (Bituminous) Bitumens) 
Cement (Portland) 

Amount required in concrete, 466, 
48s, 495. 1092 

” “ " grouting, 511. 

1213 

Cost of handling. 1146, 1161 
Effect on strength of concrete 

485 . 

Properties, 734 
Sampling, 763 

Specifications, 735, 1387, 1388 
Tests. 735 
Weight, 1038 

Cement Concrete {see Concrete) 
Cement Concrete Pavements (ire 
Concrete pavements) 

Cement Sand Cushion 

Asphalt block pavement, 514 . 

1474 

Brick pavement, 507, 1331, 1476 
Stone clock pavement, 516, I48M 
Census (Traffic), 32 
Center of Gravity (Plane fiaures) 
1031 
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Center Line 

Design {set Alignment) 

Mapping. 944 
Survey, 8 S 1 , 906 
Chaining {see also Base line) 
Accuracy required, 8 Se, 948 
Channel Improvements (Streams), 
i8i, 1004, 1600 

Circles, Areas and Circumferences, 
1680 

Classification of Roads 

For administration, 6 -p. 46 
“ design and pavement selec¬ 
tion. 6^, 46 
By location, 46 
By traffic census, 6-9, 33. 959 
Examples of, 33 

For maintenance and renewal, 46, 

524 

Examples of, 536 
Clearances 
Bridge 

Debris and ice, 186, 1085 
Roadway, 203, 1006 ^ 1648 
Portal, 203, 1648 
Vehicle 

Curves, 130 
Tangents, 130 
Vertical, 203 
Railroad 

Horizontal, 633, 642 
Vertical, ^3 

Clearing and Grubbing (Trees and 
brush) 

Areas, 798 
Cost of. 708 
Objects of, 177 
Specifications, 1480 
Widths of, 1 77-179 
Cobble Gutters, 33s. 688 , 1166 , 
1817 

Cold Patch 
Materials 

Amounts. 558 
Suitability, 558 
Methods of using. 558 
Spccifiications, 558, 1 S 99 
Use of, SS 7 
Columns 

Strength of timber long columns, 
1078 

” ** concrete *' 

1085 

Compaction of Earth in Fills, 005 
Compass Variation from True North, 

799-808 

Compensation of Grades at Sharp- 
Curves, 6-0, XI7. 118, 634, 949 
Concrete Beams and Slabs 
Safe loads, 1078-1076 
Concrete (Bituminous) {see Bitu¬ 
minous concrete) 

Concrete (Portland cement) (Gen¬ 
eral data) 

Aggregates 

Amounts required, 466, 495, 
1092,1146. 1161 
Cement, 734. 456, 1887 
Gravel, 740, 456, 1886 


Concrete (Portland cement) 
(Gener^ Data) Aggregates 
Sand. 735. 456, 1888 
Specifications, 1888-1888 
Stone, 740, 456, 1888 
Suitability, 456, 740. 1888- 
1888 

Water, 739, 1098 

Amounts of material required, 

466, 495, 1092, 1146, 1161 
Cost data (see also Cost data 
index). 661. 766. 1186 
Design of mixes 

Aggregate (Fineness modulus), 

479-484. 489 

Cement content (Effect on 
strength and porosity), 485, 
464. 488, 489./S6'«, 1611, 1686 
Curing (Effect on strength), 475, 
490 

(Methods). 1309, 1361, 

1681 

Mix (Time of). 475. f ^7'^. 1618. 
1687 

Water content, 490, 475. 1098. 
1687 

Finishing, 1877. 1361. 1531 

Forms 

Examples of 1843 
Removal of. 1876, 1847. 1631 
Specifications, 1618 
Inspection, 1875. 1899, 1348 

Mixing and placing, 1276, 1804, 

1470. 1618 

Protection from sun and frost, 
1309, 1470, 1631 
Reinforcement(r« Reinforcement) 
Sampling for tests, 743, 753 

Specifications, 462, 1470, 1608, 
1683 

Weight of. 1038, 1647 
Working stresses. 1033-1086 
Concrete Arches {see Arches). 20';. 
248, 322-326, 1006, 1086-1087, 
1680 

Concrete Bridges {see Bridges) 
Concrete Culverts 
Design of 

Area of waterway ,186, 1081, 

i088. 1004 

Cleaning, 196 

Concrete (Mix used), 22s. 1163 
Cost. 675. 707, 1168, 1886 
Cushion over top, 199, 1666 
Discharge capacity, 194 
Inspection of, 1375 
Invert elevation, 197 
” grade, 197 
Length. 203 
Loads. 199. 1089, 1647 
IxKation layouts, i8i 
Roadway width, 203 
Special conditions. 196-198 
Specifications, 1608 
Typoe in use 

Examples, 212-236 
Selection of economic, 21a 
Concrete Foundations (Pavements) 
Coat, 662, 1188 
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Concrete Foundations (Pavements) 
Depth, 4261 960 
Design, 392 - 427 , 960 
Inspection, 1699 
Materials 

Amounts, 495 , 1099, 1138 

Suitability of, 492 , 1S83, 1439 
Specifications, 1439 
Concrete Guard Rail 

Cost data, 662 , 1156, 1816 
Description, 676 
Illustrations of, 681 
Proper use, 37 , 676 
Concrete Guide Posts 
Cost, 662 , 1166 
Examples, 680 

Concrete Pavement Hassam {see 
Hassam concrete) 

Cost of, 1191 
Concrete Pavements 

Construction methods, 1899, 

1470 

Costs (General comparative), 6s, 
449 

Costs (Detail), 1144. 1194-1810 
Design 

Current practice, 45St 4I7. 960 
Depth over trenches, 417 
Recommended practice, 450 , 
960 

Theoretical depths, 392 - 418 , 

426 , 960 

Durability of pavement surface, 
535 

Economic limitations of use, 40 , 
46 , 58 , 449. 968 

Equipment for construction, 
1843-1869, 1144 
Failures (Common cause), 428 
Insoection details 
Culverts, 1873 
Grading, 1888 
Pavement, 1899 
Maintenance 

Costs, 6S, 449, 519-544 
Methods, 552-570 
Materials 

Amounts required, 461 , 1098. 
1146 

Specifications, 1383 
Suitability of, 456 , 1383, 

1470 

Tests for, 734-744 
Reconstruction, 570-508 
Sampling for tests. 743» 753 
Specifications, 462 , 1470 
Suitability of pavement (General 
conditions), 40 , 46 , 58 , 428 , 
449 , 968 
Concrete Piles 
Cost. 766 
Details of, 1366 
Loads 

Design, 208 , 1061 
Tests for safe load, 1338 
Specifications, 1603 
Concrete Pipe {see Reinforced con¬ 
crete pipe) 

Cost, 1148, 1868 


Concrete Pipe {see Reinforced con¬ 
crete pipe) 

Specifications, 1410 
Weight and dimensions, 218 , 
1083, 1411 

Concrete Pipe Culverts {see also 
Culverts) 

Cost. 1148, 1868 

Examples of, 218 , 1083 

Weights and dimensions, 218 , 

loss, 1411 

Specifications, I 4 IO 

Condemnation of Bridges, 211 , 779 
Consistency of Concrete (Slump 
test), 461, 744, 1611 
Construction joints 

Concrete bridge work, 1367, 
1616 

Construction of Pavements 

Equipment {see Pavement desired), 
1843-1867 

Inspection {see Pavement desired), 
1871-1334 

Methods (see Pavement desired), 
1480-1498 

Construction of Roads (Notes on 
Inspection) 

Bituminous applications, 1896 
Brick pavement, JSSO 
Concrete foundations, 1899 
Concrete pavement (Standard), 
1899 

Culverts, 1873 
Grading. 1888 
Macadam foundations, 1891 
Macadam surfaces, 1896 
Topeka mix asphalt (Bituminous 
concretes), 1313 
Contraction and Expansion 
Coefficient of 

Concrete, 498 , 1063 
Steel, 1063 
Joints 

Cement concrete pavements. 

472. 1470 

Contract Bonds. 1838-1848 
Contractors* Equipment 
Concrete roads, 1843-1864 
Macadam roads, 1843-1864 
Contracts 

Estimates for 
Costs. 747 , 1119 
Quantities, 747 
Length of. 51 
Policy (General), 51 
Plans for (^<e plans) 

Profit on, 51 , 1119 
Relations engineers and con¬ 
tractor^ 51 
Conversion Tables 

Cubic feet to cubic yards, 974 
Feet to miles, 994 
General units (Linear, areas vol¬ 
umes, etc.), 1673 
Minutes to decimals of a degree, 
869 

Inches to feet, 1674 
Vertical angles to % of grade, 796 
Corduroy Roads* 36 a, 436 
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Corner Load (Formula), 394-427 
Corrugated Metal 
Cost, 767, 797, 214 
Culverts, 216 . 166s 
Dimensions, 1080 
Flow capacity, 216 
Specifications, 1668 
Weights and sizes, 107S, 1080 
Corrugated Metal Pipe Culverts {see 
also Culverts) 

Costs of, 1148 , 767, 707, 213 
Example of. 216 
Use in drive, 338 
Weights and sizes. 1080 

Cosecants natural, 1616 
Cosines 

Logarithmic, 1663 
Natural, 160 4 
Cost (General comparative) 

Bridges, 16, 310 - 326 , 661-675 
Culverts, 67s. 797, 1148 
General highway costs, 7 . 9 , 16 
Maintenance, 65, SI9-544 
Office work, 747, 1004 
Pavements. 65 

Preliminary investigations. 740 
Railroad crossing protection, 599 , 

661-675 

Surveys, 747, 749, 840, 893 
Yearly fluctuation of. 1119 
Cost of Bond Financing, 19 
Cost Data (Labor an(l materials in 
detail), 1119-1270 
Amiesite pavement. 1186 
Asphalt block pavement, 1208 
Asphalt Topeka mix, 1187, 1142 , 
1138 

Bridges. 1160-1165, 1226-1236 
Brick pavement, 1148 
Edging. 1211 

Expansion joints, 1212, 11 48 
Grouting. 1212, 1148 
Hauling. 1128 , 1213 
Layin^f, 11 48 , 1212 
Materials, amount required, 

1210-1214. 1146 

Sand cushion, 1212, 11 46 

Unloading brick, f 1213, 

1314 

Cobble gutters, 1166, 1217 
Concrete C ulverts,ii 30 -ii^S, 1226- 
1236 

Forms, 1151 , 1226 
Materials required, 1161, 1093 
Mixing and placing, 1153 , 1226 
Concrete foundations {Pavement) 
Materials required, 1093 , 1138 
Mixing and placing, 1139 
Concrete pavement {Ilassam), 1191 
Concrete pavement {Standard) 
Amounts of materials, 1092, 

Expansion joints, 1143 
Finishing and curing, 1146 
Mixing and placing, 1146 
Plant required and overhead. 

Trimming, 1127 
Water supply, 1146 


Cost Data (Labor and materials in 
detail) 

Guard rail 

Concrete, 1156, 1216 
Wooden, 1166, 1216 
Kentucky rock asphalt pavement, 
1183 

Macadam roads 

Contractor’s plant, 1261 
Crushing stone, 1130, 1172 
Excavation, 1126 
Hauling, 1128, 1162 
Loading sand, 1161 
Loading stone, 1161 
Puddling, 1171 

Quantities of materials, 1136, 
1168 

Rolling. 1142 . 1171 
Spreading bitumen, 1169 
Spreading sand filler, 1137, 

lies 

Spreading screenings, 1140, 
1168, 1148 

Spreading stone, 1137, 1167 
Stone fill, 1183 

Sub-base (Ficldstone), 1133, 
1183 

Unloading stone from cars, 
1140 , 1169 

Maintenance and repair, 1218- 
1226 

Calcium chloride, 1220 
Distribution of maintenance 
costs, 1226 

Guard rail, resetting, 1166, 
1222 

Oiling, 1220 

Recapping macadam, 1218 
Scarifying, 1218 
Painting guard rati, 1216 
Topeka mix (Bituminous concrete) 
Black Base. 1138, 1187 
Surface mixture, 1143, 1187 
Cost Estimates (Preliminary) 
Bridges and culvert^ 

Quick estimating data, 310- 326. 
661 - 675 . 768,-764 
Grade crossing eliminations 

Quick estimating diagrams, 599 . 
661-675 

Mountain roads (Pioneer) 

Quick estimating diagrams, 
780-800 
Pavements 

Construction, 65 
Maintenance, 65 
Renewal, 65 

Cost estimate forms (Detail costs) 
Bridges and culverts, 1148- 
1166 

Highways, 1125-1148 

Cost Estimate Forms and Typical 
Cost Estimates 

Bridges and culverts, // 4 ®“ f f 
Highway construction items. 
1126-1148 

Materials (Production of), 1180 
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Cost of Improved Highway (General 
comparative) 

Effect of pavement type, s. 6 s 
" ot traffic volume, 7 . 9 . lo, 
x6, 65 

Permissible economic limits, 16 

Cost of Motor Operation {see also 
Automobiles) 

Distribution of items, 98 , 1163 
Effect of alignment, 118 
" “ grade, 12 , 93 

“ ** pavement surface, ii, 

68 , S 4 S 
Cotangents 

Logarithmic, 1663 
Natural, 1695 

Cross Sections {see Sections) 

Areas by planimeter, 969 
Plotting, 9/^7, 1106 
Survey methods, 833, 909 
Templets for, 962, 969 
Crowns {see also. Individual Pave¬ 
ment desired) 

“Banked” crowns on curves, 124 . 
966 

Effect of grade, 160 
Effect of pavement width, 124 , 
SOS. 957 

Effect on convenience of travel, 
123 

Examples of current practice, 
146 - 17 , 4 , 580 , 966 
“ of recommended practice, 
146 - 174 . 580 , 960 
Maximum and minimum limits, 
124 . 960 

Normal highway, 124 , 950 
“One way" crown, 124 , 160 
Ordinates for parabolic, 966 
Streets (City and village), 5(^5,7 
Superelevation at curves, 124 . 956 
Templets for construction, 1304 
T^'pes of crown, 124 , 960 
Crushed Stone {see Stone) 

Crushed Stone Macadam {see 
Macadam) 

Crushing Stone 

Cost data. 1130, 1179-1182 
Proportion of screen sizes of out¬ 
put. 1173-11 St 
Weights of. 1180,1182 
Cube Pavements 

General description, 516 
See also 

Durax, 516 
Kleinpflaster, S 16 
McClintock, S 16 , 1183 
Cubes and Cube Roots (Table of), 
1680 

Culverts, ( 180 - 3 ^ 1 ) 

Cost comparative, 213,67s. 797 
Costs (Detail), 1148-1155, 1226 
Design of 

Area of waterway, 186, 1021 
Capacity, 194, 1088 
Cleaning, 196 

Cushion over top, 199. 1666 
Discharge capacity, 194 
Invert elevation, X 97 


Culverts, Design of 
Invert grade, 197 
Length, 6 , 8 , 203 
Loads, 6 , 8 , 199 , 1038, 1039 
Location layouts, 181 
Roadway width, 6 , 8 . 203 
fecial conditions, 196 
Types in use 

Examples, 212 - 236 , 1083 
Selections of, 6 , 8 , 212-236 
Driveway culverts 
Length, 338 
Location, 183 , 338 
Size. 338 
Types, 338 

See also cast iron pipe 
" “ (concrete culverts) 

“ “ (concrete pipes) 

’* “ (corrugated metal pipe) 

“ “ log culverts 

“ “ (vitrified tile culverts) 

Curbs 

Cost of, 661 , 1166 
Description, 681 
Examples of, 174 . 685 . 686 
Specifications, 1404> 1488 
Radii of at intersections, 681 
Curing Concrete (Effect on Strength) 
475. 490 , 1361, 1309, 1631 
Curvature {see Alignment) 

Curves (Survey Data) 

Functions of i® curve (table of), 
868 

Radii for different degree curves 
(table of), 866 

Survey problems (solution of), 
886-892 

Curves (Alignment) 

At bridge approaches (minimum 
radius), 634 . 950 

At hairpin (switchbacks), 121,950 
Banked, 7, 9, 124, 956 
Dangerous alignment, 114, 631, 
632 

Effect on construction cost, 119 
” “ crown, 124 , 956 

” “ grade, 117 , 118 , 949 

” “ location surveys, 82 

“ “ motor operation costs. 

118 

” “ sight distance. 114 

“ “ width of pavement, 116 , 

130 , 968 

” “ ” " right of way, 

117 

" “ " “ section, 115 

Encroachment of long wheel base 
rigs, 116 

Examples of computing notes for 
stalong, 886-892 
Functions of i® curve (table), 868 
Length of (computations), 868 
Methods of staking out, 885-892, 
907 

Minimum radii {see also Align¬ 
ment) 

Current practice, 116 
Recommended practice, 6 , 8 , 
120, 634* 950 
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Corves 

Principals of location, 8 a 
IVoblems, 885-S9S 
Radii of (table), 866 
Sight distance, 7. 9 . I 77 

Switchbacks, 121 , 960 
Summary of alignment practice, 
8 a, lao, 634 . 950 
Tangent lengths, 869 
Tangent offsets (for staking out), 
907 

Vertical curves {see Vertical 
curves), no, 634. 9^4 
Widening of pavement or section, 
130 , 968 

Cots (First aid) Bleeding, 1702 
Cots {see also Excavation) 
Inspection, 1288 
Staking out, 1272 
Slope stakes, 1272 
Stable slopes. 145 
Ratio cut to fill (shrinkage), 
996 

Cut Sections (Excavation) 
Examples, 146 - 171 . 961 
Quantities. 764* 786-796 

Danger 

Causes of 

General highway, 33-38 
Railroad Aings, 606 
Prevention of {s^e Safety provi¬ 
sions) 

Danger (Elimination of) 

Alignment practice, 6 - 9 , 113 - 131 , 
634 , 960 

Banked curves. 6 - 9 , 124 , 966 

Ditches (Shallow), 143 
Grade (Safe descent), 6 - 9 , 86 , 
101 . 962 
Guard rail, 6 - 9 . 

Illumination at night, 6 - 9 , 699 
“One way" crown, i 6 x 
Pavement widening, X30, 958 
Pedestrian traffic segregation, 
6 - 9 . 36 , 634 , 1006 
Railroad crossings, S96-67S 
Sight distance, 6 - 9 , no, XX 4 . 960 
Traffic clearance (Safe width), 
fi-9; 130 

Warning signs, 6-9# 6^7 
Danger Signs 

Examples, 6 x 3 , 696 
Location of, 607 , 687 
Use of, 7 , 9. 687 
Cost, 600 

Debris Clearance (Bridges), x 86 , 
1026 

Declination 
Magnetic, 799 
Solar, 927 
Deflection of Beams 
Formulae for, 1028 
Timber beams, 1077 
Steel beams (Depth ratio), 1061, 
1668 

Deformed Bars {set Reinforcement) 
Depreciation 

Camp equipment, 902 


Depreciation 

Contractors’ equipment, 1249- 
1264 

Pavements, a 6 
Survey equipment, 894 
Depth of midge Floors, ao 6 , 634 , 
1026 

Depth of Foundatioxis (Small 
bridges), 309 , 1061 
Depth of Pavements (Thickness) 
Effect of trenches, 417 , 420 

Examples of typical sections, 146 - 
161 , sSo, 963 
Recommended depths 

Macadam types, 391 , 969 
Rigid types, 426 , 960 
Theoretical design 

Macadam types, 366-391 
Riffid types, 366 - 378 , 392-427 
Desert Roads, 365 
Design Details {see also Typ^ of 
pavement or structure desired) 
Alignment. 113 - 131 , 6 ^ 4 , 950 
Bridges, 180 - 310 , 633 - 660 , 1004 - 
1087 

Culverts, 180 - 310 , 1079-1084 

Drainage ditches, 334 
Grades. 83 - 113 , 949 
Location of highways, 74-83 
Minor details, 676-704 
Pavements, 366-518 
Railroad crossings, 599-675 
Sections, 122 - 179 , 961 
Streets. 165 - 170 . 690 - 695 , P57 
Design of Highways ((general) 
Administrative principles, 1-73 
Cksst of office work, 747 , 943, 

1004 

Economic principles, Sa -73 
Speed of office work, 110 4 

Value of alternate designs, 747 , 

94s 

" " engineering, 50 

Reports (Typical), 1096 
Detours 

General practice, a 
Signs, 696 

Deval Rattler (Stone test), 706 
Dickens Formula for Runoff of 
Steams, X89, 1021 
Direction Signs, 687 . 1491 
Distance (Value of saving) 

Principals of location, 12 , 80 , 82 , 
Distance Units of Measure, 1673 
Distribution of Loads 

On bridge floors, 1042, 16 48 
** “ foundations, IO 46 -IO 6 O 

*' pavement " 378 , 410 

at " Joints, 405 
Distribution of Pressure 
Macadam pavements, 378 
Joints in rigid pavements, 405 
Ditches 

Capacity of, 334 
Dangerous ditches, 143 
Depth of, 143 
Plow of water in, 334 
Functions of, 334 
Intercepting, 334 
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Ditches 

Protection of (see Gutters) 335 
Relief culverts and storm sewers, 
182, 337. 669 
Safe ditenes, 142 
Value of, 14 2-143 
Ditch Linings (see Gutters) 

Ditch Protection (Gutters) 

Double Meridian Distance Areas, 
1093 

Dowels (Use of) 

Concrete pavements, 471 
Facing old masonry, 681, 685 
Bridge abutment ties, 241 
Culverts, 221, 222 
Dra^s (Road drags) 571 
Drainage 

Bridges (Small span) 180-334. 
1004-1088. 1150, 1334, 1492- 
167S 

Catch basins. 687. 689 
Culverts. 180-334, IOO4-IO88, 
1160-1334 

Curb inlet basins. 690 

Ditch relief culverts, 182 

Ditches, 142, 334 

Driveway culverts, 338 

Low water culverts, I97 

Manholes. 6 o 5 

Special conditions, 196 

Storm water sewers, 337. 669, 

1149 

Survey notes, 836 , 911 

Underdrains, 338 

(see also Culverts and bridges) 

Drains 

Bridge floor. 252 , 291 
Under drains, 338. 1168 

Drives 

Radii of L, 121 

Driveway Culverts (see Culverts) 338 
Drop Inlets, 689-690 
Drowning (First aid), 1713 
Ductility (Test). 729 
Durability of Bridges, 1£31 
Durability of Pavements (see Life oi 
pavements) 

Flexible base pavements, 531, 520 
Rigid Base pavements, 535, 520 
(see also Any desired type) 

Durax Cube Pavement 
General description, 516 
Dust Layers 
(see Bitumens) 

(5CC Calcium chloride) 

Dustless Screenings 
Use of. 446. 1458 
Size. 446, 1384, 1178 
Weight, 447. 1169 

Sarth 

Bearing power of bridges, ao 8 , 
1061, 1337 
Pavements, 374 
Shrinkage of, 996 
Weight of, 1038 
Pressure against walls, 1043 
Earth Excavation 

(Computation of, 971-993 


Earth Excavation 

Inspection, 1 B88 
Slopes, different soils, 145 
Specifications, 1491 
Tables of amounts and volumes. 
972 

“ “ “ mountain roads, 

786 

Ratio excavation to fills (Shrink¬ 
age), 995 

Earth Roads 

Construction, 1288, 1444 
Cost, general comparative, S, 344 
Crowns, 146, 160, 166, 159, 950, 
956 

Description, 344 

Examples of current practice, 146. 

159, 160, 166, 34s, 955 
Limitations of use, 344 
Maintenance, 347. 571 
Specifications, 1444 
Typical sections, 146, 159, 160, 
166, 345. 955 

Yearly cost of upkeep, general, 
comparative, 347 
Econonucs (General highway) 
Administrative, 1-52 
Enmneering design, 52-73 
Alignment. s6, 113-121 
Grades, $6, 83-113, 963 
Pavements, 58-73 
Reconstruction, 579 
Financing 

Bond terms, 19 

Economic Value of Highways, 3-17 
Economy in Design (Details) 

Augment (Effect on construc¬ 
tion cost), 119 

Drainage (Economic types of 
bridge and culverts), 205-213 
1006 

Grades (Effect on construction 
cost) Adverse, no 
Intermediate, 106 
Maximum, 103 
Minimum, 109 
Vertical curves, 110 
Grading widths (Effects on con¬ 
struction cost), 143, 161 
Location (Effects on construction 
cost), 74 

Materials (Proper use of), 60 
Pavement type, 59 
" width, 59 
Economy in Design (General) 
Desirability of, 53. 747 
Field for. 54. ^47 
General principles of, 53 ~ 73 » 1^47 
Limitations of, i 

Methods. 52-73. 747 , 943 
Necessity for, S 3 
Tests of design, SS 
Value of, so, 943 
Edging, Concrete, 492, 1211 
Elasticity, Modulus of, 1033 
Electric Railroad (see Railroad) 
Electric Shock (First aid), 1716 
Electric Trolley Track Practice 
Typical sections, I 7 S. IS 4 
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Elimination of Railroad Grade 
Crossinga (see Railroad grade 
crossings) 

Embankments (see Excavation) 
Consolidation of. 996, 1£88 
Effect on pavement depths, 374 - 
377. 39X, 959, 960 
Inspection of construction. 1SSS 
Materials suitable for, IfSO 
Ratio cut to fill. 995 
Settlement of (Shrinkage), 996 
Stable slopes, 14 s 
Specifications, 14£i 
Emulsified Bitumen 
Cold patch, ss 8 , 1395 
Encroachment of Rigs on Sharp 
Curves 

Effect of banked curves. 124 
" “ length of wheel base, i ib 

Engineering (General) 

Cost of. 747 
Value of. so. 747. 943 
Engineering Design (see Design^ 
Equipment 

Contractors. 1S43-1264 

Office. 1103 

Survey 

Camp. 894-904 

Instruments. 78£, 818, 831, 938 
Errors (Allowable limit of) (see 
Accuracy) 

Estimates 

Computation and tabulation of, 
1087, Ills 
Cost (see Costs) 

Forms for (Detail quantities), 
1115 

" “ costs, 1128- 

1166 

General program 
Construction, 20. 65 
Maintenance. siO 
Evaporation Test, 725, 729 
Excavation (see Earth and rock 
excavation) 

Amounts required (General com¬ 
parative). 786 

Cost of. 661. 768, 1126, 1156, 
1228 

Cut and fill profile design. 83 . 
103 . 963 

Side hill balanced sections. 104. 
162, 787 

Effect of alignment, itq 

*' " grading width, 143 , 

161 . 786 

" “ intermediate grades. 

963 

" “ maximum grades. 

103 

“ slopes, 145 . 787 
Inspection, 1288 
Shrinkage in fill, 996 
Slopes (Stable), 145 
Slope stakes, 1272 
Staking out. 1272 
Emnded Metal 
apcpfications, 1419 
Weights and dimensions, 1060 


Expansion 

Coefficient of 

Concrete, 498 . 1063 
Steel. 498 . 1063 
Expansion Joints 

At curbs, 512 
Brick pavements, 512 
Bridges, 275 . 292 
Concrete pavements, 472 
Stone block, 515 
Retaining walls, 677 
Externals 

Of 1 ° curve (Table), 868 
Eye Injuries, 1699 

Failures (Common causes) 

Asphalt block pavement, 428 
Asphalt pavement. 428 
Bituminous macadams, 428 
Brick pavement, 42 K 
Concrete pavement (Hassam), 428 
Concrete pavement (Standard). 
428 

Stone block pavement, 428 
Waterbound macadam. 428 
Failures (Pavements) 

Common causes, 428 , 

General “ . 41 , 366-370 

Falsework (see Forms) 

Fees (Auto license) 

Amounts required, 17-26 
Propir use of, 4 . 17 , 72 
Tax burden distribution, 17 , 72 
Fences 

Cattle guards, 699 
("fUard. <>76. 1166 , 1216 , 1489 
T'roperty line, 700 
Roadway. 700 
Snow. 700 
Fillers 

Bituminous for block pavements. 

506 - 513 . IS34, 1401 

Cost data (see Cost data index) 
Grout (see Grout) 

Macadam roads (Screenings and 
sand). 715 . 1168 
Fills (Embankments) 

Consolidation of, 1288 , 095 , 1421 
Effect on pavement depths, 374 - 
377. 391* 069 

Inspection of construction, 1288 
Materials suitable, 1289 , 1421 
Ratio cut to fill. 905 
Settlement of (Shrinkage), 996 
Slope stakes, 1272 
Slopes (Angle of repose), 145 
Specifications, 14^1 
Stable sloiX‘S, 145 
Widths, 133 , 146 - 159 , 164 , 961 - 
966 

.See also Excavation 

Fill Sections 

Examples, 146 - 161 , 166 - 171 , 961 
Financing (Highway improvements) 
Bonds 
Cost of 
Total, 19-26 
Yearly, 19-26 
Serial bonds, 19 
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Financing (Highway improvements). 
Bonds 

Sinking fund. 19 
Yearly retirement amounts, 
19-26 

Contractors bonds. 12S8 
Construction, 19 

Effects of methods of financing 
on design, 4, 16, 17 
General policy, 19 
Maintenance, 19 
“Pay as you go,” 19 
Railroad crossing protection, 601 
Reconstrnction, 19 
Tax burden distribution (General), 

17 

Fineness Modulus (Concrete aggre¬ 
gate). 479 - 4^^4 
Finishing Concrete 

Concrete culverts and bridges, 
1277 , 1531 

" pavement, 1306 
Cost of. 1162 , 1146 
Metho.ls, 1631, 1306 
Specifications, 1631, 1473 
First Aid (Accidents), 1699-1718 
Flash Point (Test), 727 
Flexure (Formulae for), 1028 
Flood Flow in Streams 
Quantity, 186, 1022 
Velocity, 19S 
Scour, 211, 335 
Floors (Bridge) 

Depth of, 206, 1025 
Distribution of loads on, IO42, 
1640 

Examples of, 237-310, 779 
Loading, 200. IOSS-IO42, 1547 
Repair of, 770 
Specifications, 1563 
Surfacings, 210, 1663 
Flow of Water 

Capacity of channels, 195 
" “ ditches, 334 

" " pipe culverts, 194 

" " sewers, 337 

Velocity of flow 

Normal in channels. 195, 335 
“ pipes, 194 

Minimum permissible 
culverts, 196 
sewers, 338 
Scour velocities, 335 
Foot (Decimals of, in inches), 1674 
Footing (Safe for horses or autos) 
See aUo Each type of pavement 
Limitations of different pave¬ 
ments, loi, lOS, 42s, 428, 962 
Fords, 211 

Forms (for Concrete) 

Concrete Masonry 
Cost of, 1151, 1226 
Design data, 1052, 1026 
Examples of. 1346-1353 
Removal (Time of), 1276, 1347 
Specifications 
Bridges, 1518 
Pavements. 1470 


Forms (for Concrete) 

Concrete Roads 

Setting (String lining), 1301 
Type of, 1470 

Formulae {see also Operation desired) 
Areas, 1576 

Centers of gravity, 1031 
Centrifugal force (Superelevation), 
124 

Curves 

Encroachment of rear wheels, 
116 

Horizontal, 854 
Vertical. 966 
Design of pavements 

Flexible base pavements, 381- 

387 

Rigid base pavements, 392-427 
Distribution of loads 

Base of abutments, 1046 
Floor loads, IO42 
Flexure of beams (Moments and 
deflections), 1028 
Inertia (Moments of). 1030 
Safe loads on piles, 1340 
Stadia measurements, 932 
Stream runoff, 1021 
Trigonometric. 1678 
Volumes, 1676 
Vertical curves, 966 
Foundations 

Bridges and culverts (see Bridges) 
Pavements {see Pavement 
desired) 

Depths required 
Gravel, 390, 969 
Macadam, 390, 969 
Rigid pavements, 426, 960 
Discussion of, 366-426. 407. S06 
Types of. 429-438. 497. 506 
Fracture (Crushed stone). 707 
French Coefficient of Abrasion, 706 
Frictional Resistance to Movement 
Masonry on foundations, 1062 
Wagons, 87 

Frost (Effect on design), 367 
Functions 

Trigonometric, logarithmic, 1663 
“ , natural, 1693 

Gasoline 

Consumption per ton mile, 96- 
loi, 549 
Tax, 19 

Yearly consumption (Average 
vehicle), 18 

Gauges (Wire and steel), 1054 
Geological Classificatioa of Rocks, 
708, 712, 713 

Girder Bridges {see also Bridges) 
Cost, 312, 769-763, 1161 
Examples of, 251, 290 
Ouantiti'S, 313, 311, 769-763 

Suitability ^imit^, a 09 , 1005 
Types 

Reinforced concrete, 209, 251 
Steel, 209, 290 

Weights of, 31T, 313. 789-763 
Glutrln (Sulphite liquor), 1402 
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Grade Crosslngt (rM Railroad 
grade crossing; 

Oradee 

Adverse ^ades, no 
Intermeaiate grades, 106-109 
Controlling points, 106, 96S 
Economic Design 

Effect on construction cost, 
106, 963 

“ “ horse traffic, 106 

“ ** motor traffic, 106 

Method of laying, 963 
“Rolling” grades, 107, 963 
Examples of, 108, 963 

Limits of use, 56, 107, 963 
Reduction of, 6, 8, 56 
Principles of location. 83 
Maximum Grades, 84-106 
Current practice. 102 
Economic design 

Effect on construction cost. 


103 

“ ** horse traffic, 84, 86 

“ ** motor traffic 84 

Recommended practice, 6, 
8. 104. 105. 940 

Effect of alignment (compen¬ 
sation, 6, 8, 117, 118 
“ “ length of grade, 86- 

93 

“ “ safety of traffic, loi, 

96$ 

“ “ team footing, xoi, 

96$ 

** on type of pavement 

surface, ior-102. 425, 963 
Principles of location, 83 
Minimum Grades, 6, 8. 109 
Kolling grades {see Intermediate 
grades) 

Street grades, 106 
Vertical Curves 

Effect on construction cost, 109, 

III 

“ “ slight distance, iio- 

1 X 3 , 634 

Formulae for, 964 
Minimum lengths, xxo-xi3, 
634, 964 

Use of (Proper and limits of), 
IX 9 -XI 3 , 034, 964 
Onding 

Amount required (General com¬ 
parative), 786 

Cost data, 661, 765-769, 796, 
1x36, 1166 

Economical design, 54, 963 
Effect on construction cost, 54# 
107-X09 

Inspection, 1$88 

Ratio cut to fill (Shrinkage), 996 

Sections, X46-171, 961 

Slopes (Stable), 145 

Speaffcations, i^ff, 144 A 

width of, I 3 S-I 7 I, 961 

{see also Excavation) 

Oratet ((^tch basin) 

Cost of, 663 
Bxamplea of, 689* 690 


Gravel 

A mounts required 

Concrete, 466, 49 s, 109$ 
Pavements, 431, 356, 1134, 
1139 

Production of gravel 
Cost, 1131 

Sizes and weights, 118$ 
Sampling, 763 
Sites 

Concrete, 456, 740, 1386 
Pavements, 355, 432, 1386 
Specifications, 1385 
Suitability 

Concrete, 456, 740. 1385 
Pavements. 456, 740, 1386 
Tests, 740-745 
Abrasion. 742 
Shale content, 742 
Voids, 741 
Weight. 741 , 118$ 

Use of 

Concrete. 740, 1385 
Pavements (see Pavement 
desired), 353, 430-432, 456, 
404 

Gravel Bottom Course 

Cost, 3SJ, 430-432, 662, 766-769, 

1134 

Depth, 389-301. 959 
Design. 389-391, 430-432 
Inspection, l$9l 
Materials 

Amounts, 353 - 356 , 430 - 433 . 

1134, 1189 

Suitability, 353 - 356 , 430 - 433 , 
1385 

Specifications, 1385, X430 
Gravel Roads 

Cost of. 5, 352, 1134, 1139 
Discussion, 352 
Economic use, 35a 
Failures, 355 
Maintenance, 575 
Materials 

Amounts required, 355, 1134, 
1139 

Quality, 355. 1886 
Sizes, ^SS, 1385 
Mileage in use. 42. 353 
Rythmic corrugations, 358 
Specifications, 1480 
Suitability of (General), 6-9 

Typical sections, 147, 159, 353. 

Gravity 

Center of, 1031 
Specific (Weights), 709 
Tests, 741 
Grout 

Amount required, 5x1 
Application of, 1338 
Inspection, 1333 
Mix. 511 

Sand suitable for. 5 ti, 1387 
Specifications, 1476 
Grubbing {see Clearing) 
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Guard Rail 

Costs. 662. iBie, use, mss 
Description and Specifications 
Cable, 676-681, H89 
Concrete, 676-681 
Posts, 680, 1^89 
Wall, 682 

Wooden, 676. U89 
Examples of, 676-681 
Use of, 7, 9, 676 

Guide Signs, 7, 9. 6x1, 687-696, 
1491 

Guide Rail (see Guard rail) 

Gutters 

Brick. 335, 681-688 
Cobble, 335. 681-688. 1156, 1217 
Concrete, 335, 681-688, 1166, 

1217 

Lo*>be stone, 335, 681-688 

Hardness 

Test for, 706 

Values (Common rocks'). 709-712 
Hassam Concrete Pavement 

Amount of materials required, 
1191 

Cost data. 1191 

Haul 

Computation of length, 1128 
Overhaul 

Cost of. 661. 768, 1127 
Mass diagram, 996 

Hauling 

Average length computation of, 
1128 

Horse traffic 

Cost of, 1128, 1162 
Loads on different grades, 90-91 
Motor traffic 

Cost of. 1128 , 1168 
Effect of alignment, 118 

" “ distance, 80 

“ “ grade, 96 

" " rise and fall. 09-101 

Suitable conditions for differ¬ 
ent types of motor, a6, 1163 
Hauling Power 
Horses, 86 , 117 
Trucks. 94-96 

Heel Pressure (Foundation.s) 
Formulae for, 104S 
Example of computations, 1047 
Highway Bonds (see Bonds) 
Highways (General) 

Administrative data, 1-73 
Capacity of (Traffic volume), 28, 

63 : 5 . woe 

Classification of, 6-9. 4d 
Costs (General comparative), s, 
7, 9, 10, 16, 6s 

Economic design of, 5 a~ 73 f 747 
Utility requirements, 4-10 
Volume of traffic on (Capacity), 28 
Value of roads, (3-16) 

Direct, 10 
Indirect, 4 

Holes (Repair of macadam pave¬ 
ments), 557 


Horse Traffic 

Effect on design 
Alignment, 1x7 
Grades, 84-93, 101 
Pavement surface, loi, 102. 
42s. 962 

Loads drawn, 90-93 
Volume of, 26, 84 

Hydraulic Radius, 195 

I Beams (Steel) 

Properties and dimensions, 1062 
Strength of, 1062 
Weights of, 1062 
I Beam Stringer Bridges (Steel) 
Cost, 310. 315, 316, 661, 759, 
1150, 1229 

Design, 180-211, 1004-1085 
Economic use, 205-309, 1006 
Examples of, 265-289 
Quantities, 265-289, 760 
Suitability, 205-209, 1005 
Ice Clearance (Bridges), i86, 1025 
Igneous Rocks, 708, 712 
Illumination 

Advantages, 699-704 
Cost, 699-704 
Methods, 699-704 
Limitation of use, 7, 9, 699-704 
Imjn act Allowance for 
Bridges, 202, 1040 
Pavements, 370-374, 551 
Inches as Decimals of Feet, 1674 
Inertia, Moments of 
Plane figures, 1030 
Steel I beams, 1062 
Injuries (First aid), 1699 
Inlets (Drop), 337, 689-690 
Inspection of Construction 

Bridges and culverts, 1273- 
1287, 1334-1370 
Grading. 1288 
Pavements 

Asphaltic concretes, 1313 
Boulder bases, 1291 
Brick. 1330 
Cement concrete, 1299 
Gravel (Consolidation of), 1295 
Macadam foundations, 1293 
Penetration bituminous macad¬ 
am, 1296 

"Waterbound macadam top, 
1295 

Value of, 1271 
Instruments 
Adjustment, 

Equipment list 

Preliminary investigations, 782, 
819 

Surveys, 831, 894 
Reconnaissance surveys, 817, 
819 

Insurance (Contractors). 1238-1242 
Intercepting Ditches, 165, 334. 962 
Interest 

On pavement investment, 7 - 9 . 65 
On plant and payroll, 1231-1267 
On bonds, 24 


XV ii 



INDEX 


Intermediate Grades {see Grades), 
io 6 

Intersecting Roads 
Radii of L. 121 
Investigations (Preliminary) 

Cost. 749 

Equipment, 782, 817, 819 
Methods. 747-829 
Sample reports, 770-781, 807- 
816, 642 

Sampling materials, 762 
Traffic. 750 

Iron {see Cast and wrought iron) 

Joints 

Bridge construction, 276, 291. 292 
Contraction (Pavements), 473. 
512 

Distribution of load at (Pave¬ 
ments), 406. 

Expansion (pavements), 472,512 
Key joints. 284, 684 
Longitudinal (Pavement). 473 
Joists (Bridge floors) 

Distribution of life loads. 1042 
Examples of size and spacing. 

265-283. 294-309 
Impact, allowance, 202, 1040 
Safe loads steel joists, 1061 
Safe loads timber stringers, 1076 

Kentucky Rock Asphalt 
Cost data. 1183 
King Post Truss 
Example of, 301 
Materials required, 301 
Klienpflaster Cube Pavement 
Description, 516 

Land Taking (Right of ways) 

Areas (Computation of), 1093 
Cost (Damages). 1156 
Maps, 84 s 
Surveys, 84O 
See also Right-of-way 
Latitude, Determination of, 929 
Leaching Basins, 689 
Level Adjustments of, 852 
Leveling 

Accuracy required, 833, 906, 909, 

942 

Methods, 853, 906, 909 
Notes, 833, 906, 909 
See also Surveys 
Liability Insurance, 1238-1242 
Life of Bridges, 1231 
Life of Equipment 
Camp, 902 

Contractors, 1243-1264 
Surv^, 894 
Life of Pavements 

Flexible pavements, 65 , S3i 
Ririd “ 6 s. S 3 S 

Lighting {eee Illumination), 699 
Linear Measure, Units of, 1673 
Loads or Loading 

Bridge Abutments, 1046 
Bridge Superstructures 

Dead loads. 199 , 1038, 1547 
Distribution, 203 , 1042 , 1648 


Loads or Loading, Bridge Super¬ 
structures 

Live loads, 6, 8, 200 , X039, Z042. 
1647 

Impact ** , 202 , X040 

Foundations 
Piles 

Actual safe loads 
Formulae for. 1338 
Tests for. 1338 
Design loads, 208 , 10'>1 
Distribution of pressure, 

1045 

Soils 

Bridge foundations, 208 , 
1061, 1337 

Pavement “ . 374 

Pavements (Design loads), 370-374 
Safe loads 

Beams and slabs. 1072 
Columns. 1078, 1056 
Steel I beams, 1062 
Team loads, 86-93 
Wheel loads (Concentrated) 
Automobile trucks, 370 , 1039 
Military loads. 202 
Regulation of loads, 28 , 370 
Loam (Test for), 737 . 73 ^ 

Location of Bridges and Culverts, 

i 8 i 

Location of Highways 

Discussion, 74 
Summarized principles, 8 x 
Methods, 782 

Location of Signs and Signals 

Automatic signals, 606 , 609 , 621 
Danger signs, 612 , 687 
Logarithms 

Numbers (Table oO. 1628 
Trigometric functions (Table 
of). 1653 
Log Culverts 

Exarnples of, 214 
Specifications, 1414, 1492 
Logs 

Amount of lumber in, 798 

Lumber 

Specifications, 1414> 1492 

McClintock Cube Pavement 

Cost data, 1184 
Description, 5*6 

Macadam 

See Macadam bottom courses 
“ Bituminous macadam 
'* Waterbound 

Macadam Bottom Course 

Cost, 429 - 438 , 662 , 769, 1134 , 
1167 

Depth, 389-39X» 969 
Design, 389 - 301 . 429-438 
Inspection, 1293 
Materials 

Amounts, 429 - 438 , 441 . 11^4, 
1168 

Suitability. 429 - 438 . 44 r, 1383 
Specifications, 1383, 1494 
Machinery (Contractor’s), 1243- 
1264 

Magnetic Declination, 799-806 
zviii 
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Mainteiuince of Bridges 

Cost of 

Floors, t25t 

Painting, aio, 1951-ltS7 
Maintenance of Highways (see also 
Each type of pavement), sip- 


General, S 30-545 
Detail, 520-545. 1£18 
Per vehicle mile, 18, 522 
Economic limits. 553 , 347 
Equipment, 552-556 
Estimates 

Legislative tax program, 519 
Yearly budget. 540 
Importance of. 519. 48 
Materials and methods 
Bituminous concrete, 564 
Block pavements, 569 
Cement concrete, 565 
Earth. 571 
Gravel. S75 
Macadams, 557-564 
Sand clay, 575 
Organization units, 552-556 
Smoothness (Value of), 545 
Snow removal. 570 
Manholes, 695 
Maps (Plans) 

Cost. 747, 94s 
Examples of 
Bridges, 1008 
Roads. 1106 
Preparation of, 1105 
Scales, 944 
Masonry 

Refacinfj, 677. 685 
Rcpointing, 677. 685 
Retaining walls, 676, 68a 
(See Concrete) 

(See Stone masonry) 

Mass Diagram, 907 
Materials (General data). (705-746) 
Amounts required (5«« Respective 
material) 

Economic use of, 60. 437, 389 
Local, effect on design. 60, 437, 
389 

Location of, 8S9, 750 
Properties, 705-746 
Reports on location and amount. 
766 

Sampling, 752, 743 
Specifications (see Specifications) 
Strength of, lOSS 
Tests (5<a Tests of materials), 705- 
746 

Weight of, 709, 1038 
Materials ((;ost of handling), 
1169-1169 

Materials (Cost of production) 
Crushed stone, llSO 
Gravel, 1131 

Maximum Grades (see Grades) 
Measure (Units of) 

Areas, 1673 
Linear, 1573 
Volumes, 1673 


Measure (Units of) 

Temperature, 1673 
Weights, 1673 
Medical Notes 

Accidents (First aid), 1699 
Bleeding, 170B 
Electric shock, 1716 
Drowning, 1713 
Poisoning, 1718 
Sunstroke, 1721 
Melting Point (Test), 732 
Meridian Determination (True 
north) 

Magnetic variation, 799-806 
Polaris meridian, 912-927 
Solar meridian, 927-932 
Meridiograph, 9S2 
Mesh Reinforcement (see Reinforce 
ment) 

Dimensions and weights, 1056- 
1060 

Specifications, 1413 
Gages of wire, 1064 
Metalling (Pavements) 

Thickness required, 391, 426, 969. 
960 

Widths of, 6-9. 130. 633, 96S 
Military Wheel Loads, 202 
Minimum Grades (see Grades) 
Bituminous concrete, 1326 
Cement concrete, 462, 1276, 

1471, 1612 

Effect on strength, 47S. 486 
Minimum Radii for Curves 

High type improvements, 120 
634, 950 

Mountain conditions, 121, 950 
Drives, 121, 634 
Intersections, 121, 634. 681 
Curbs, 681 

Mirror Danger Signs, 698 
Mixing (Time of) 

Modulus of Elasticity (Materials) 

loss 

Modulus of Rupture 
Brick, 423, 510 
Concrete, 397-403 
Moisture Content of Soils, 375 
Moments (Beam strength) 

Bending, 1028 
Inertia, lOSO 
Resisting, 1029 

Monuments (Property line). 694 
Mortars 

Cushion, 506-513, 1476, 1331 
Grout, 506-513. 1476, 1333 
Materials 

Amounts required, X093, 1146 
Suitability, 1386 

Motor Busses (see also Automo¬ 
biles) 

Effect on bridge width, 203 
Effect on pavement width, 130 
Cost of operation, ii, 99 
Motor Traffic (see Automobiles) 
Motor Trucks (see also Automobiles) 
Cost of operation, ii, 98, 1163) 
Power on grades, 94, 96 
Regulation of loads, 28, 370 
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Motor Tracks {see also Automobiles) 
Typical bridge loading. aoo» 10S9, 
1647 

Dimensions, aoo» 130. 1039 , 1647 
Mountain Roads 

Alignment, ii7-iax» ^60 
Crowns, 160, 950 
Grades, 105, 949 
Office practice, 1103 
Preliminary investigations, 781 
Right of way, 177 
Sections, 160-171, 786 
Surveys, 893 
Mud Sills {see Forms) 

Natural Cement, 734 

Natural Trigonometric Functions 

Cosines, 1604 
Cosecants, 1616 
Cotangents, 1693 
Sines, 1604 
Secants, 1616 
Tangents, 1693 

North, Magnetic {see Magnetic 
declination) 

North, True {see Meridian) 

Office Work (Design) 

Accuracy required {see Accuracy) 
Cost of, 747. 1104 
Methods, 948-1115 
Speed of, 1 IO4 
Supplies, 1103 
Instructions, 1103 
Oil and Bitumens {see also Bitumens) 
Cost {see Pavement desired) 
Quality required {see Pavement 
desired) 

Quantities {see Pavement desired) 
Specifications, 1388 
Uses of, 720 
Properties of, 720 
Oiling (Surface application of) 

Cost 

Detail. 1££0 
General, 563 
Materials 

Amounts required, 561, 1££0 
Suitability of, 561, 1388 
Specifications, 1388 
Methods 
Discussion, 561 
Specifications, 1466 
Operation of Motor Vehiclea {see 
also Automobiles) 

Cost of 

Effect of alignment, 118 
“ " grade, 12, 93 

** “ pavement surface, 11, 

61-68, 550 

Ordinance Loads (Military), 202 
Organic Imparities 
Test for in concrete aggregates, 738 
Ormuiization 
General, 49 
Construction, I £71 
Duties and authority of engineers, 
1£71 

Maintenance, 553 


Organisation 

Survey, 831 , 893 
Office design, 1106 
Ottawa Sand, 2387, 460 
Overhaul 

Computation of, 996 
Cost of, 661 , 766-769, 1137 
Specifications, 14£6 
Overhead Charges (Contract) 
Bonds, 1238 

Depreciation, 1£ 43-1264 
Insurance, 1238 
Interest, 1231 
Liability, 1238 

Painting 

Bridges, 210, 1231 
Guard rail, 1216 
Paints 

Specifications, 1416 
Amounts required 

Bridge steel, 1231-1 £37 
Guard Rail, 1216 
Flat surfaces, 1231 
Parabolic Crowns 

Ordinates for, 173, 504, 956 
Proper use, 17S 

Paraffin (Maximum limit), 732 
Parapets (Bridge) 

Discussion, 211, 1005 
Examples of, 237-276 
Patrol Maintenance 
Cost of, 1226 
Equipment, 552-556 
Length of. 552-556 
Pavements (Detail data) 

{See Type of pavement desired) 
Amiesite 
Asphalt, block 
Asphalt, Kentucky Rock 
Asphalt, sheet 
Bituminous macadam 
Brick 

Concrete, standard 
Durax 
Gravel 
Klcinpflaster 
McClintock cubes 
Sand clay 
Stone block 
Waterbound macadam 
Wood block 
Pavements (General) 

Cost 

Construction, 65, 16 
Maintenance, 6$. 5 X 9-544 
Renewal, 65 
Depth of 

Gravel, 39if 969 
Macadam, 391. 969 
Rigid pavements, 436, 960 
Sand'Clay, 347 
Design of 

Economic, i-73/ 7^7 
Engineering prmciples, 52 - 73 » 
366-520 

Failures (Common cause), 428 
Life of (Average), 53 X- 838 » 65 
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Pavements (General) 

Limitations of use 

Economic, 7, 9. 40-48 
Grades, loi. 425. 96S 
Types in use and mileage of, 7,9, 

42 

Suitability of types, 6-9. 40-48, 
58. 962 

Widths required, 6, 8. 130, 203, 
634, 958 

Pavement Markings 

Central traffic lane marks, 7, 9. 
698 

Railroad crossing warnings, 606- 
613 

Paving Pitch 

Expansion joints, 511. i401 
Mastic filler, 507-512, 14OI 
Payroll (Amounts required) 1231- 
1234 

Pedestrian Traffic 
Bridges, 633, 1006 
Highways, 177 
Streets, 17^175 
Penetration (Test), 724, 728 
Petroleum 

Properties, 720-734 
Use in road work, 720-734 
Photographic Data, 818 
Pictures (Notes on photography), 
818 
Piers 

Design of (sea Bridges) 

Examples of, 322 

Depth of foundations, 1061 

PUes 

Actual safe loads (Formulae for), 
1338 

.Tests, 1338 

Batter piles, 1S4S 
Caps, 1365 

Concrete {see Concrete Piles) 

Cost. 661, 1160, 1228 
Design loads. 208. 1061 
Inspection of, 1338 
Points, 1364 
Refusal of. 208. 1339 
Spacing. 208. 1061 
Specifications, 1601 
Splices, 1363 
T^t piles. 1338 
T3^s of (Proper use), 207 
Pile Trestles (Examples of) 
Concrete. 308 
Timber, 303 
Pioneer Roads 
Alignment, 960 
Clearing, 177, 796 
Crowns, 160-171, 960 
Grades, 949 
Office work, 1102 
Pavements, ^3, 6 
Preliminary investigations, 781 * 
Right of way, 177. 796 
Sections, i6o-i7ii 781 
Surveys for, 892 ' 

Pipe Culverts (set also Type of 
culvert desired) 

Cost of, 1148 


Pipe Culverts (see also Type of 
culvert desired) 

Design {see Culverts), 180-236 
Discharge capacity, 194 
Examples of 

Cast iron pipe, 219, 1079 
Concrete pipe, 218, 1083 
Corrugated metai, 215, 338, 
1080 

Vitrified tile, 217, 1084 
Use of 

Econornic, 212, 338 
Limitations, 196, 212 
^ecifications, I4O8, 1666 
Pipe Lines for Concrete Roads 
Size of, 1250 
Loss of head in, 1260 
Pipe Rail (Bridge), 676 
Pipes 

Capacity of, 194 . 337 
Cost of. 213 , 661 , 669 , 766-769 
1148, 797 

Dimensions and weights 
Cast iron, 1079 
Corrugated metal, 215, 1080 
Reinforced concrete, 218, 1083 
Vitrified, 217, 1084 
Specifications 
Cast iron, 1409 
Corrugated metal, 1409, 1668 
Reinforced concrete, 14IO 
Vitrified. 1413, 1671 
Pipe Underdrains {see Underdrains), 
338. I4O8 

Pitch {see Paving pitch) 

Planimeter (Use of) 

Accuracy, 969 
Methods. 969, 1110 
Plans, 943-1116 

Alternate plans (Value of), 747. 

943 

Cost bridge. 747, 776, 1004 
“ highway, 747, 1104 
Examples of 

Bridge, 779, 1006 
Highway, 1100 
Office procedure 

Alignment, 944* 1106 
Ditches, 1106 
Grades, 947 
Location, 1106 
Widths 

Grading, 961 
Pavements, 968 
Standardization (Danger of), 

747 

Tests of (General), 55 
Record plans, 1100 
Plants (Contractor's), 124S 
Plates (Steel) 

Weights, 1068 
Pointing Masonry, 677 
Poisons (First aid), 1718 
Polaris Meridian, 912-927 
Policy (General) 

Aaministrative, 1-73 
Economics of, 1-73 
Progressive improvement, a, 586 
Tax method {^ect on Policy), 4,17 
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Policy (General) 

Summary of general principles, 72 
Portal Clearances (Bridges), 203, 
633 . 1SL6 
Portland Cement 

Amounts required in concrete, 
466, 495, 1092 

** “ “ grouting, 

Sii. llUe, ISIS 

Cost of handling, 1139, 11^5, 

X161 

Effect on strength of concrete, 
485. 489 
Properties, 734 
Specifications, 735, 1387 
Tests, 735 
Weight, 10S8 
Posts (see Columns) 

Posts 

Guide rail. 676 - 681 , 1166, 1490 
Signs, 696 . 1491 
Preliminary Investigations 
Cost. 749 
Equipment. 782 
Methods. 747-829 
Quick estimating diagrams 
Bridges, 310 - 322 . 648 - 67 S 
Culverts, 213 . 67 s 
Grading. 648 . 786 
Pavements, 65 , 661 
Sample reports 
Bridges, 327 , 774 
Pavements. 770, 807 
Ry. grade crossings 642. 775 
Sampling material, 762 
Traffic volume, 28 , 750 
Pressure (General) 

Concrete against forms, 1026 
Earth against walls. 104^ 
Pressure on Bridge Foundations 
Distribution of, 1046 
Safe loads, 208. 1051 
Diagrams of. 1027, IO46. 1010 
Pressure on Pavements 
Distribution of 
Macadam, 378 

Joints in rigid pavements, 405 
Soil (Resistance of), 374 
Wheel loads 
Impact. 372 
Static, 370-374 
Profile (Design) 

Economic principles of, 56, 83, 90 S 
Grades 

Adverse, no 

Intermediate, 106-100, 963 
Maximum, 83-106, 949 
Minimum, 109 
“Rolling,” 106-109, 963 
Vertical curves 
Formulae for, 966 
Minimum length, ITO-112, 966 
Sight distance, 110-112, 966 
Reconstruction grade lines, 964 
Scales, 944 
Methods 

Plotting and accuracy, 947, 
1100 

Profit (Raasonable contract), 1119 


Progressive Improvement Highways 

2, S86 

Property Damage 

Cost, 1166 

Proportion in Design (see Design), 52 
Protection of Concrete 
Freezing. IS 10, 1629 
Rain. 1309 

Salt water, 1362, 1630 
Sun heat, 1309, 1631 
Wind, 1309, 1631 
Puddling Macadam Roads 

Amount of water required, 441. 
1172 

Cost data. 1140, 1171 
Specifications, 1464 
Pumping 

Equipment, 1250 
Size of pipe lines, 1260 
Loss of head, 1250 

Quantities of Materials 
Pavements 

Amiesite, 497, 1186 
Bituminous concretes, 495, 
1138, 1142 

“ macadam, 446, 

1149 

Brick, SII 

Oment concrete. 461, 1146, 
1138 

Foundation courses 

Boulder base, 430, 441, 1133 
Concrete, 495, 1138 
Gravel. 429-436. 441, 1134 
Macadam, 42(7-436,441 ,1134 
Gravel pavements, 356, 430, 
441, 1134 

Waterbound macadam, 441, 

1140 

Structures 

Concrete aggregates 

" in bridges, 237-327, 

1002 

“ in culverts, 214-237, 

1002 

Reinforcement in bridges, 214- 

327 

Steel ” ” ,214- 

327 

Water in concrete, 461, lOOJ 
Quantity Estimates (Tables of) 
Bitumen, 1090 
Sq. yds. pavement, 1089 
Cubic yds. “ , 1089 

Radii of Curves 

(Table for .survey purposes), 856 
Radii of Curves (see also Curves and 
alignment) 

Effect on cost of construction. 110 
” ** ” “ motor operation, 

118 

” ** crown, 124, 966 

” *' encroachment of rear 

wheels, xi6 

“ grade, 117, 118. 634 
” ” safety of travel, 114- 

121, 634 
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Radii of Curves {^see also Curves an ] 
alignment) 

Effect on shape of section, 124* 
965 

*' “ sight distance, 114 

“ “ width of pavement, 130, 

968 

“ “ “ “ right of 

way, 177 

** “ “ “ section, 130 

Minimum for safety, 121, 634, 960 
Recommended practice, 121, 634, 
960 

Switch back turns, 121, 960 
Table of values for surveys, 866 
Vertical curves for plotting pro¬ 
files, no 
Railing (Guard) 

Bridge, pipe rail, 676, 1168, 1005 
Examples of current practice, 
676-681 , 

Parapets, solid, 211, 682, 1006 
Specifications, 1489 
Railroad (Stream and electric- 
general data) 

Clearances. 633-643 
Loads. 634, 1648 
Roadbed sections, 643 
Track {see Tracks) 

Railroad Grade Crossings 
Accidents at 
Causes of, 606 
Number of. 34. 601 
Prevention of, 599-641 
Probability of (Danger index), 
623 

Eliminations of 

Cost estimate diagrams, 600, 

648-675 

Financing, 26, 601 
Imoortance of 

Ceneral relative, 599 
Special projects, 625 
Methods 

Bridges (Grade separations), 
7. 0, 625-675 

Road relocations, 630-632 
Plans (Examples of), 635-642 
Record maps, 1100 
Reports on typical cases, 603, 
605, 642, 775 

Specifications (General), 633 
Protection at grade Xings 
Cost of. 509 
Economic limits, 602 
Financing, 601 
Importance of, 7, 9, 599 
Methods 
Plans, 604 
Reports, 604, 605 
Signs, 610 
Signals, 610-623 
Specifications (General), 609 
Stop orders, 600 
Watchmen and gates, 612 
Railway Track Standard, 643 
Rainfall, 187 
Range of Traffic 

Length of trips (Census data), 38 


Rattler Test 
Brick, 716 

Deval stone test, 706 
Reconstruction of Highways, (579- 
598) 

Administrative policy, 579 
Costs (General comparative), 65 
Effect on original design, 369 
Engineering design, 586 
Grade line design, 964 
Legislative estimates, 519 
Typical cases 

Change of type, 587-S98 
Resurfacing, 587-598 
Strengthening, 587-598 
Widening, 587-598 
Typical cross sections, 579-598, 
956 
Records 

Construction (Daily reports) 
Bituminous concrete, 1523 
Cement concrete, 1311 
Macadam, 1299 
Maps (General records), 1100 
Office ( " " ), 1100 

Referencing Transit Hubs, 852, 906 
Reflectors, 698 
(Warning signs) 

Refraction (Effect on observed 
altitude), 928 
Regulation of Traffic 
Loads, 28, 370 
Speeds. 28, 37. 371 
Stop orders, 609 
Widths of vehicles, 130 
Reinforced Concrete Pipe 
Capacity of, 194, 337, 1082 
Cost, 213, 114s 
Culverts, 218 
Dimensions, 218, 1085 
Specifications, I4IO 
Weights, 1085 

Reinforcement (Mesh and bar) 
Bars, steel 

Bond stress, 1055 
Comer bars, 450-474 
Dowel connections, 450-474 
In slabs and beams, 221-310, 
1072-1074 

Longitudinal tics, 450-474 
Specifications, 1412, 1517 
Value, 450-474 
Weights and sizes, 1061 
Working stresses, 1035 
Mesh 

In pipe, 218 
In slabs, 221 

Specifications, 1412, I4II 
Weights and sizes, 1066-1060 
Value, 450-474 

Wire gauges and diameters. 
1064-1060 

Relocation Highways {see Loca¬ 
tion) 

Rental Charges (Equipment), 1245 - 
1264 

Renewal of Payements (see Recon¬ 
struction) 
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Repak 

Bridges (set Brid^) 

Pavements (see Maintenance) 
Repointing Masonry 
Cost, 66i 

Reports (Typical problems) 

Bridges. 327 . 774, 781, 1006 
Pavements, 770. 1096 
Pioneer roads, 807 
Railroad crossings, 603, 60s, 642. 
775 

Reconstruction, 583# 594 . 598 
Resurfacing Macadam 
See Maintenance 
“ Reconstruction 
Retaining Walls 
Concrete, 682 
Cost. 668, 1160 
Design, 1048, 682 
Examples. 682 
Stone masonry, 683 
Types, 676 
Right of Way 

Areas of (Computation). 1093 
C^ost of (Damages), 1166 
Fences, 700 

Maps and descriptions, 84£ 
Surveys, 84O 
Widths required 

Normal conditions. 6 . 8 . 177 
Sight distance requirements, 
178 

Monuments, 694 
Rip Rap 

Cost. 661, 1166 
Design. 211 
Grouted, 1607 
Necessity, 211 

Specifications, 14S8, 1600, 1606, 


1607 

Rivets 

Driving, 1869 
Weight of, 1070 
Design. 1668 

Road Materials, Economic Use 
(see Materials) 

Road Sections, Typical (Examples) 
Mountain roads, 161-171 
Ordinary toads, 146-161. 961 
Reconstruction, 575^-598, 966 
See also Sections 
Streets, 172 
Roads (General types) 

Earth roads, 344 
Gravel “ 352 

Macadam “, 429-449 
Pavements, rigid, 449-518 
Sand-clay roads, 347 
Road Systems, 1-73 

Classification of roads, 6-9, 46 
Financing (Bond method), 19 
Layout ana route selection, 74 
Scope of work, 2 
Tax burden distribution, 17 
TraflSc requirements, 26 
Roadway— Width of 
At bridge, 6, 8, 203, 633, 1005 
** culverts, 6, 8, 203 
** pavements, 6, 8. 130, 968, 63$ 


Roadway —Width of 
At shoulders, 6, 8, 130, 961, 63s 
“ traffic capacity, 28, 203, 633. 
1006 

Rock Asphalt (Kentucky) 

Cost data. 1183 
Specifications, 1481, 1407 
Cost of. 661, 766, 1169 
Ratio cut to fill, 996 
Rock Excavation 
Rocks (see also Stone) 

Geological classification, 708 

Properties. 705-715 

Sampling, 768 

Tests, 70s 

Weights, 709 

See abo Crushing 

Rollers (see Equipment for types 
of pavement desired) 

Rolling (see Inspection details for 
type of pavement desired) 
‘‘Rolling’* grades (see Grades) 

Effect on cost, 107 
Example of, io8 
Limits of use. 968 
Methods of designing, 968 
Roots, Square and Cube, 1680 
Roughness (Pavements) 

Effect on vehicle operating costs, 
61-68, S4S 

** ** impact loads, 37X» 551 , 

779, 1040 

Vialog records of, 63, S 45 
Routes (Location of roads) 
Discussion, 74 

Ruling Grades (see Grades, maxi¬ 
mum) 

Runoff (Flood flow) 

Q uantity, 186, 1081 
elocities, 195, 335 
Scour, 211, 335 
Rupture (Modulus of) 

Brick, 423, 510 
Concrete, 397-403 
Rut Roads, 344* 3^5 

Safety Provisions 

Curve banking, 7, 9, 124, 966 
Curve widening, 132, 968 
Curved alignment, 6, 8, X13-X2X, 
634, 960 

Ditches (Shallow), 14a 
Grades, 6. 8, lox, 425, 634, 049 
Guard rail, 7, 9, 676 
Illumination, 7, 9, 699 
Railroad Xing protection, 7, 9, 
599 

Retaining wall ^ards, 7, 9, 676 
Shoulders (Solid), 6, 8, 130, 13a, 
586-596, 968 

Side walla, 7 9 . X74» 203, 634, 687, 
1006 

Sight distance, 7, 9, 1x4* 634, 960 
Signals (Automatic), 7, 9. 599 
Sims 

Danger, 6-9, 687 
Guide, 6-9, 687 
Pavement markings. 6-9, 696 
Skidding, lox, AH, 988 
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Safety Provisions 
Widths 

Pavement, 6-9, 130 , 958 
Shoulders, 6-9, 130, 951 
Sampling Materials 
Bituminous, 758 
Brick, 755 
Cement, 768 
Concrete, 755 , 743 
Gravel, 76S 
Sand, 768 
Stone, 754 
Sand 

Amounts required 

Concrete (Cement), 466, 495, 
109a 

Concrete (Bituminous), 49s. 
1188, 1188 
Cover for oiling. 561, 1820 
Filler for bottom courses. 441, 
1134, ii68 
Sampling, 762 
Size 

Concrete (Cement), 460, 1886 
Concrete (Bituminous), 492. 
1886 

Cushion. 510, 1887 
Grout. SI I, 1887 
Specifications. 1386 
Standard Ottawa, 460, 1387 
Suiiabihty 

Concrete (Cement), 460, 739, 

1886 

Concrete bituminous, 493, 1886 
Cover for oiling, 561 
Cushion, sio. 1387 
Filler (Macadam), 715 
Grout, SI I, 1887 
Tests 

Abrams fineness modulus, 480 
Abrasion. 739 
Loam content, 737 
Organic impurities, 738 
Voids, 741 

Weight (Specific gravity), 741 
Sand Clay Roads 
Cost of. 347 
Discussion, 347 
Economic use, 347 
Limitations of use, 48 
Maintenance, 57s 
Materials. 348, 744 . 1447 
Mileage in use. 42 
Reconstruction, S 7 S 
Sand-clay mixtures, 347 
Sections, 147, 348 
Specifications, 351, 1447 
Suitability of (General), 48, 347 
Tests, 744 

Typical sections, 147, 34* 

Sand Cushion 

Block pavements, 507. 1481 
Scales 

Maps and plans, 944 
Profiles, 944 
Bridge plans, 1008 
Scarifying Macadam 
Cost, 1168, 1918 
Specifications, 1481 


Scour 

Ditches, protection of, 33s 
Rip lap, use of, 211, 1600, 1606 
Velocities producing scour, an, 
335 

Brush mattress protection, 1500 
Specifications, 1606-1507 
Screed for Concrete Pavement, ISO 4 
Screenings 

Amounts required 

Bituminous macadam, 446, 

1141 . lies 

“ concrete, 495, 1148 
Cover for maintenance oiling, 
561, 1221 

Waterbound macadam, 441. 

1168, 1140 

Production of 

Percentage of output. 1172- 
1181 

Sieve analysis of, 1880, 1819 
Weight of. 1180, 1159 
Suitability 

Concrete (Bituminous), 492, 
1387 

Concrete (Cement), 460. 1887 
Cover for oiling, 561, 7355 
Macadam construction, 440, 
446, 1388 

Secants, Table of, 1616 
Sections of Roadway (See also 
Cross sections, 122-179 
Co5< of 

Effect of grading width, 143 
“ “ pavement “ 133 

** ** soil slopes, 144 

Design of 
Crowns 

Banked, 124, 956 
Normal, 124, 950 
Street, 173, 957 
Cut and fill slopes, 145 
Ditches, 142 

Shoulders, 6, 8, 130, 951 
Widths 

Capacity (Tropicvolume), 28, 
303, 634, 1005 
Grading, 6, 8, 130, 634, 951 
Pavement, 6, 8, 130, 634, 958 
Vehicle clearances, 130 
Discussion (General) 

High type roads, 122-160, 579- 
598 

Pioneer roads, 160-171 
Streets, 165-177 
Examples of 

Current practice 

Construction, 146-173, 961 
Reconstruction, 579-598, 966 
Recommended practice. 155, 
579 - 598 , 951 
Templets for, 962, 969 
Serial Bonds (see Bonds), 19,603 
Settlement of Fills 
Ratio cut to fill, 996 
Under pavements, 369 
Methods of laying to prevent, 
1988 
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Sewers 

Capacity. 337 
Cost. 669. 114B 
Grades (Minimum), 338 
Manholes, 695 
Trenches 

Details, 691-695 
Pavement thickness over, 417, 
420 

Storm flow in, W2S 

Shale 

Tests for in gravel, 742 
Sheet Asphalt Uee Bituminous 
concrete) 

Sheet Piling. 1508 
Shoulders 

Slope, 123, 136. 951 
Stone or gravel protection, 130- 
136. 951 

Width, 6. 8, 130-136. 951 
Concrete Shoulder 
Cost. 1X17 

Shrinkage of Earthwork 

Ratio cut to fill, 995 
Side Culverts (see Culverts) 

Sidehill Sections 

Amounts of excavation. 162, 786 
Drainage, 182 
Examples of, 161-171 
Quantities, 786-798 
Sections, 161-171, 786-793 
Sight distance, 114. ^^0 
Sidewalks 

Cross slope. I7S 
Width, I7S 
Specifications. 1488 
Use of. 7. 9 . 175 . 177. 203. 634 
Sieves (Standard sizes). 736 
Si|^t Distance 

Effect on alignment, 114, 945, 950 
” grades. 82 
“ “ grading, 82 

“ “ motor operation cost, 

118 

" “ right of way widths, 177, 

114 

Safe sight distance. 7 . 9 . 114 . 950 
Vertical curves, 110-112, 965, 634 

Siras 

Danger signs, 6-9. 687-696 
Detour, 6^ 

Guide “ , 6-9. 687-696 

Location of, 687; 607 
Pavement markings, 6-9. 698 
Railroad crossing. 607-613 
Warning. 6-9, 687-696, 607-613 
Specifications, 1491 
Sines 

Logarithmic. 1653 
Natural, I6O4 

Sinking Fund Bonds (see Bonds), 19 
Skiddini^ Automobiles, Effect on 
Design 
Prevention of 

Curve banking, 124, 966 
Grades (Safe), xoi, 435, 643, 

949 • 

Pavement surfaces, 435. ^23,962 


Slab Bridges (see also Bridges) 
Costs, 310. 1150 
Construction (Inspection), 1384 
Design 

Ordinary conditions, 180-247 
Loads 

Design, igg, 1038 
Safe (Table of), 107 e 
Effect of depth of fill, 1075 
Economic use. 205-210, 1005 
Examples of, 237-247 
Quantities, 237-247, 759 
Suitability, 205-210, 1005 
Slag (Crushed blast furnace) 
Amount required 

Concrete, 460, 405, 1092 
Macadam, 441. 405 
^ecifications, 404. 1386 
Weight, 494. 1385 
Suitability, 441, 494, 715, 456, 
1385 
Slides 

Stable slopes 
Cut, 14s 
Fill, 14s 

Sliding (Faction resistance), 1052 
Slipperyness of Pavements (see also 
Each respective pavement) 
Limitations on hills for horse 
traffic, loi. 962 
Skidding, (Automobiles) 

Effect of curves, 124, 634, 050 
Effect of grade, 101. 425 
Pavement surfaces. 428, 962 
Slopes (Stable cut and fill) 

Angle of repose of different soils, 

Slope Stakes, 1272 
Slump Test (Concrete), 464, 744 
Smoothness of Pavements 
Value of, 61-68, S45 
Vialog records, 63, 546 
Snake Bites, 1701 
Treatment of 
Snow 

Effect on location mountain roads, 
904 

Fences, 700 

Removal from highway, 570 
Sodding, 1499 , 1672 
Soils 

Classification of, 377, 911 , 1289 . 

14^1 

Consolidation of, 996 , 1291 
Effect on depth of pavement 
Macadam, 385-391. 959 
Rigid, 410-427. 960 
Effect on type of underdrain, 338 
" “ slopes, 14S 

Regulation in fills, 1289 
Sato loads on 

Bridge foundations, 208, 1051 
Pavement " , 377 

Shrinkage (Ratio cut to fitll), 996 
Weight. /(?58 
Solar Meridian, 927-932 
Solubility (Test), 730 
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Specifications 
Bridge, 149 »-t 67 » 

General clauses, 1S71-1S76 
Materials (see a/50 Each material), 
1S8S-J4SO 

Methods (see Type of pavement 
desired), 1^0^1491 
See also Respective item 
desired 

Road design (General compara¬ 
tive), 6-9 

Ry. grade crossings ( “ “) 

609, 633 

Specific Gravity (Tests for) 

Rock, 741 
Bitumen, 727 

Specific Gravity (Weights of mate- 
rals) 

Miscellaneous substances, 1038 
Rocks, 709-712 

Speed and Distance (Table of), 616 
Speed of Trucks (Regulation), 28 

371 

Speed of Traffic 

Discussion of, 37 
Effect on curve banking, 124 
Speed of Work 

Construction operations 
General road speeds, 1S34 
Mixing and placing bridge con¬ 
crete, 1276 

Office design, 1104> 11 IS 
Survey work 

Road surveys, 840, 893 
Stadia. 1 lOo 
Spiral Curves 

Practical method, 129 
Splicing 

Bars (reinforcement), 281 
Piles, 1363 
Sprains, 1699 
(Treatment of) 

Sprinkling 

Fresh concrete, 1309, 1531 
Puddling macadam roads, 1171, 
1296 

Square Roots, Table of, 1680 
Square Units of Measure (Conver¬ 
sion), 1673 

Square Yards, Table, of 1089 
Squares and Square Roots, Table of. 
1680 

Stadia Measurements, 844 ^ 932- 
939, 1106 

Stage Improvement (see Progressive 
improvement) 

Stakes 

Grade, 1272 
Slope. 1272 

Survey (Number required), 831 
Staking Out (Construction) 

Bridges, 1334 
Road work, 1272 
Steel (Structural) 

Erection of, 1368 
Specifications, 1633 
Properties of rolled I beams, 
1062 

Weight of, 1038 , 760 


Steel Bar Reixiforcement (see Rein¬ 
forcement) 

Steel Plates 
Guages, 1064 
Weights, 1068 
Stone (see also Rocks) 

Geological classifications, 708 
Suitability for macadam, 714 , 
715 , 440, 1383 

“ “ concrete, 456, 740, 

1S8S 

Weight, 709 
Stone (Crushed) 

Amounts required 

Bituminous concrete, 49s, 1138, 

1142, 1188 

Bituminous macadam, 446, 
1142 

Concrete (Cement), 466, 495, 
1092, 1146 

Macadam foundations, 429- 
437. 442, 1134 

Waterbound macadam top. 
441, 1140 
Crushing 

Cost. 1130, 1172 ^ 

Proportion of size outputs, 
1173-1181 

Weights of different sizes, 1182 
Sampling, 764 
Sizes 

Bituminous concrete. 493, 1383 
‘ macadam, 446, 

1383 

Concrete (Cement), 456, 1383 
Macadam foundations, 429, 
1383 

Waterbound macadam, 440 , 
1383 
Suitability 

Concrete, 740, 1383 
Pavements 

Bituminous concrete, 492. 
1383 

'* macadam, 440, 

1383 

Concrete, 456, 1383 
Macadam foundations, 429, 

44 G 1383 

Waterbound macadam, 440, 
1383 

Tests 

Abrasion, 706 
Absorption, 707 
Hardness, 706 

Spiecific gravity, 707, 741 
Toughness, 707 
Voids, 741 

Stone Block Pavement 
Cost data, 1147 
Crowns, 124, 173, SIS. 960 
Current practice, 515 
Description, SiS 
Failures, 428 

Foundation (Design), 421 . 426 ^ 
SIS. 960 
Lite of, 6 s, S 3 S 

Limitations of use, 425 , 5 x 5 , 962 
Specifications, 1481 
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Stone Block Pavement 

Suitability of pavement (General), 
SIS. 

Yearly cost, 6 s, Si9“S44 
Stone Fills 
Use of, 436 
Ratio cut to fill. 995 
Sloi)es, 145 
Stone Masonry 
Cost, 765 

Stoneway (see Macadam) 

Depths on different soils, 391. 
969 

Widths, 130, 968 

Streams 

Channel improvements, 181 
Flow of water in 
Floods, 186. toil 
Velocity of flow, 195 
Scour, 211 

Backwater head, 196, iOBS 
Streets (Details) 

Car Tracks, I7S-I77 
Crowns, 173, 967 
Curbs, 174 

Pavements {see Pavement 
desired) 

Sidewalks. 174. 634, 1006 
Widths, 165-172 
Sewers, 69i-~69S 
Manholes, 695 
Catchbasins, 690 
Water pipe details, 693 
Strength of Materials 

Beams, safe loads, lOiS, 1074. 
1076 

Columns, 1078 

Slabs. “ 1078 

Working stresses different mate 
rials, 203, 1033 
Strength of Pavement 
Design of 

Flexible pavements, 366-392, 
969 

Rigid 366-428, 960 

Stresses in Materials 

Design (Allowable), 1033 
Temperature, 1063 
Ultimate, 1033 

Snb Base C^ourses (see Foundations 
and bottom courses) 

Amounts of material, 430-442. 
1133-1138 

Cost data, 430-438, 662, USB- 
1138 

Depth required, 390, 969 960 
Description. 430-438 
Fillers, 430-438, 441, 715, 1168 
Insprotion, 1B91 
Specifications, 14^4 
Subgrade, Preparation of, 1B90 
Sttbgrade Tester. 1300 
Sulpnite Liquor (Glutrin) 
Specification, 1J^8 
Sun (Solar meridian), 9B7-93B 
Sunstroke (Treatment), 17B1 
Superelevation at Curves 
Amounts required, 124, 956 
Examples of, 128, 157 


Superelevation at Curves 
Runoff to normal crown, 129 
Su^rstructures of Bridges (see 
Bridges) 

Supplies 
Office, 1103 
Survey, 831 

Surface Measures, Units and Con> 
version, 1673 
Surveys (General) 

Accuracy required (see Accuracy) 
Cost of, 747. 749. 840? 893 

Curve data, 866—884 
Equipment, 782, 818, 831, 894- 
904, 938 
Methods 

Adjustment of instruments 
862 

Base lines (Location), 831,904, 
906 

Bridges, 942 
Cross-sections, 83S, 909 
Curves (Tables and problems), 
864-892 

Drainage data, 836, 911 
Land surveys, 84O 
Levels, 833 

Magnetic variation, 799 
Materials, sampling, 762, 911 
Meridian determination, 912- 
932 

Stadia work 844> 932-939, 

1105 

Topography, 836, 911 
Traffic reports, 31, 837 
Organization, 831, 893 
Preliminary investigations, 
749-830 

Speed of work, 840, 893, 

1106 

T Beam Bridges (see also Bridges) 
Cost. 310, 769, 1160 
Economic use, 205, 1005 
Examples of, 252 

g 'uantities, 252-256, 769 
uitability of, 205, 1005 
TangenU 

01 I® curves (Table), 858 
Logarithmic, 1663 
Natural, 1593 

Offsets for staking curves, 907 
Tar (see Bitumens) 

Tarvia (see Bitumens) 

Taxation 

Effect on general design, 4, 16, 17 
Distribution of for 
Construction, 17 
Maintenance, 17 
Railroad Xing protection, 601 
Reconstruction, 17 
General taxes, 17 
Vehicle taxes, 17 
Team Traffic 

Effect on design. 84 
Alignment, 117 
Grades, 86 

Pavement surfaces. loi, 425, 
962 
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Team Traffic 

Importance of in design, 26. 84 
Loads drawn, 86-93 
Volume of, 26, 84 
Telford Base 
Cost, 433 

Depth, 389-391, 969 
Design, 389. 434 
Inspection, 433 
Materials 
Amounts, 434 
Suitability, 434 
Specifications, 434 
Temperature 

Asphaltic mixtures, 1S26 
Coefficient of expansion, 498, 
1063 


Effect on design of pavements, 367 
“ volume of bitumen, 764 
Protection of concrete, 1309, 1529 
Stresses, 1063 
Units of measure, 1673 
Templets 

Pavement construction. 1304 
Plotting cross sections. 962, 969 
Tension (^Modulus of rupture) 
Definition, 396 
Valu^ for concrete 
Bridges. 666 
Pavements, 397 
_ Reinforcement effect, 400 
Teats of Materials 
Bitumens 

Ductility. 729 
Evaporation, 729 
Flash. 727 


Melting point, 732 
Penetration, 728 
Significance of tests, 723 
Solubility, 730 
Specific gravity. 727 
Bri^ 

Abrasion (Rattler), 716 
Absorption, 74J 
Size variation in, 716 
Cement (Portland), 736 
Concrete 

Sampling, 74^ 

Slump. 74^ 

Gravel 

Abrasion, 742 
Loam content, 738 
Shale " 742 

Voids, 74i 

Weight (Specific gravity). 74f 
Sand 

Hardness, 739 
Loam content, 737 
Organic impurities. 738 
Voids, 74/ 

Weight, 74 / 

Stone 

Abrasion, 706 
Hardness, 706 
Toughness. 707 
Voids, 74 / 

Wear, 706 
Weight. 74/ 


Testa of Materials 
Water 
Acid. 739 
Alkali. 739 

Organic impurities, 738 
Test Piles (see Piles) 

Theodilite (see Transit) 

Theoretical Design (Pavements) 
Fundamental assumptions 
Macadam, 366-392 
Rigid, 366-428 
Limitations of, 390, 392 
Value of, 392, 425 

Thickness of Pavements (see Depth 
of pavements) 

Macadam types, 391, 969 
Rigid 426, 960 

Over trenches, 417, 420 
Tile 

Underdrains, 338 
Vitrified pipe (see also Vitrified 
pipe) 

Sewers (see Sewers) 

Timber (General) 

Amount in logs, 798 
Strength of 

Design stresses, 1037 
Beams, 1076 
Columns, 1078 

Timber Bridges (see also Bridges) 
Costs. 797, 798 
Design tables, 1076 
Examples of, 294-309 

g 'uantities, 294-309. 798 
uitability, 180 
Timber Culverts 
Examples of, 214 
Cost of, 797 
Time (Conversion of) 

Determination of local mean 
time, 930 

Mean time local, 915 
Standard time zones, U. S., 914 
Sidereal, 926 
Time of Mixing 

Bituminous concrete, 326 
Cement 

Effect on strength, 475, 486 
specifications, 462, 1276, 1471, 
1612 

Tires (Wagon and automobile) 
Allowable load per inch width, 370 
Effect of width on tractive resist¬ 
ance, 88 

Effect of condition on impact, 370 
Toe Pressure (Foundations) 
Allowable, 208, 1061 
Computation of, 1047 
Toe Walls, 68s 

Top Courses (see Respective pave¬ 
ment desirea) 

Topeka Mix (see Bituminous con¬ 
crete) 

TojMgrtphy 

F^md methods, 836, 911 
Office *• 946 

Toughness (Test for). 707 
Traw (Railroad) 

Clearaacen, 64a 
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Tracks (Railroad) 

Cost of. 662 
Cross sections, 643 
Gauge. 643 

Pavement between rails (Cross¬ 
ings), 609-611 
Protection of, 599-675 
Street car construction, X75t 176 
Traction Engines 
Widths, 130 

Tractive Resistance of Wagons 
Friction, 87 
Grade, 87 

Pavement surface, 90 
Tractive Power (Horses), 86 
Traffic Data (General) 

Accidents {see Accidents), 33, 601, 

606 

Classification for, 6-^, 46, 634. 
969 

Range of. 38 
Regulation of 
I^ad, 28,370 
Speed, 28. 37. 370 
Requirements (General), 26 
Safety of {see Safety provisions) 
Speed of, 37 

Volume ot and road capacity, 
(28-33) 63s. loos 

Census data, 28 

Fluctuation in intensity, 30 
Effect on design. 6-9. 28, 385, 
391, 426, 634. i006 
Present, 31 

Future (Estimates of), 32, 203, 

633. 1006 

Vehicles 

Cost of operation 

General costs. So, 98 
Pavement effect on, ir, 68 
Grades effect on, 12, 100 
Clearances, 130 
Loads, 6, 8, 200 

^Automobiles {see Automo¬ 
biles) 

Horse {see Horse traffic) 
Traffic Data (Effect on design 
details) 

Alignment. 6, 8, Ii 3 -i 2 i» 634, 
960 

Bridges. 6. 8. 202 , 203, 633. X005 
Gradw, 6, 8, 105, 634# 949 

Pavement 

Strength and type, 6, 8, 

40-48, 391, 426, 634, 960- 
960 

Width, 6. 8, X30» 634* 968 
Roadway sections 
Ditches, 6. 8,14^ 

Widths, 6 , 8 , I30f 634# 961 
Shoulders, 6, 8. 130, 634, 961 
Trails (Alaskan dog). 361 
Transit 

Adjustments of, 868 
Trmisition Curves 
Practical method, 125 
Traverse Computattons (Land sur- 
vesrs), 1094 


Trenches 

Depth of pavement over, 417. 420 
Sewer (Details), 691 
Water ( “ ), 693 

Trestles (Highway) 

Cost 01, 656, 667 
Examples of 

Concrete, 308, 656 
Timber, 303, 307 
Use of 

Economic conditions, 656, 645 
Triangles (Solutions of, trigometric) 
1578 

Trigometric Formulae, 1578 
Trigometric Functions 
Logarithmic, 165S 
Natural, 1603-1628 
Trucks {see Automobiles) 

Truss Bridges {see Bridges) 

Cost, 314, 1161 
Quantities, 313, 652, 760 
Suitability (Limits), 205 
Turnouts (Mountain roads), 6, 164 
Turnpike Sections 
Examples, 167, 786 
Quantities, 786 
Specifications, 1444 


Underdrains, 338 
Cost, 661. 766, 768 
Design, 338 
Examples 
Bridge, 241 
Roadway, 338, 439 

Unloading Materials* 1169-1161 
Cost of 

Cement, 1161 
Sand, 1161 
Steel. 1161 
Stone, 1169 

Utilization of Old Structures 
Bridges, 180, 210, 1013 
Pavements, 579-598 
Value of, 180, 210, 579-598 

Value (General) (10-16) 

Highways 

Direct, 7, 9, 10, 79 
Indirect, 4 
Engineering design 

Alternate designs, 747, 948 
Construction cost reductions, 
SO, 54 . 747 

Variation (Magnetic meridian), 799 

Vehicles {see also Automobiles) 
Clearances, 130, 204 
Dimensions, 130, 200 
Length (Effect on pavement 
width on curves), 1x6 
Weight, 202, 370 

Wheel loads, 202, 370, 1089 
Width, 130 

Volume of traffic (Read capacity), 
28, 633. 1006 

Velocity and Time Distance Table, 

616 

Velocity Head 

Backwater head, igd, 1086 

Velocity of Stream Flow 
Formulae, I95 
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Velocity of Stream Flow 
Tables of 

Channels, lOS 
Pipes, 194. 337 
Scouring action, 211, 335 
Self cleansing velocity 
Culverts, 196 
Sewers, 3^^ 

Undcrdrains, 340 
Vertical Curves 

Effect on construction cost, 110- 
112 

“ “ sight distance, 110-112, 

965 

Formulae for, 966 
Minimum length. 110-112, 634, 
965 

Use of (Proper and limits), iio- 
T 12. 634. 964 
Graphic methods, 1106 
Radii of. 968 

Vialog Records (Roughness), 63, 547 
Vitrified Pipe 

Capacity of, 194. 335 . i08S 
Cost 

Culverts, 213, 797, 1148 
Sewers, 669. 

Culverts. 217, 1084 
Dimensions, 217, 1084 
Sewers, 691 
Specifications, 1571 
Weights. 217, 1084 
Voids 

Tests for, 741 

Effect on strength of concrete, 489 
Volatilization (Test), 729 
Volumes (Solids and liquids) 

Earthwork computations, 971— 
993 

Formulae, 1676 
Units of measure, 1573 
Volume of Traflic 
Census Data 

Fluctuation in volume 
Hourly, 30 
Daily, 30 
Weekly, 30 
Yearly, 30 

Classification for design, 6-9, 46, 

633. 

Effect on design, 6. 8, 130, 202. 

203, 391. 426, 633, 1005 
Present volume, 31 
Future volume (Estimating), 32, 
203, 632-634, 1006 
Road Capacity, 38, 633. 1005 

Wagon Loads (Teams) 

On different grades, 90-93 
Mountain freighting loads, 92 

Walls 

Retaining walls 
Cost, 668 
Design, 1043 
Examples, 676-684 
Toe walls 

Examples of, 68$ 

Wall Sections (Mountain roads) 
Examples, 171. 793 
Quantities, 793 


Warrenite (see Bituminous concrete) 
Warning Signs 

Examples of, 612, 613, 687-696 
Location of, 607-613, 687 
Use of, 6-9, 610, 687 
Water 

Amounts required 
Puddling macadam, 441, 1173 
Concrete (Structural), 490, 1093 
Concrete pavements, 461, 1093 
Effect of, on strength, 490, 1276 
Flow of 

Channels (Streams) 

Floods, 186, 1031 
Velocity, I9S 
Capacity, 195 
Pipes 

Capacity, 194, 335, 1351 
Velocity, 194 
Velocity head, 1361 
Velocity 

Minimum self cleansing, 196, 
338 

Scour velocities, 211, 335 
Tests for, 739 
Weight of, 1038 
Water Pipes (Cast iron) 

Cost. 661, 67s 

Dimension and weights, 1079 
Trenches 
Details, 693 

Depth of pavement over, 417, 
420 

Velocity head, 1351 
Waterbound Macadam 

Construction methods, 1395, 1464 
Costs 

Detail data, 1166-1178 
Estimate forms, II40 
General comparative data, 65, 
.438 
Design 

Current practice, 389 
Recommendedpractice,440, 959 
Theoretical. 33^391 
Durability of surface, 65, 531 
Economic limitations of use, 6—9, 
40-48, 438, 963 

Equipment for construction, 1343 
Failures (Common causes), 428 
Foundation courses, 429-441 
Inspection details 

(Culverts ahd bridges, 1373 
Grading, 1388 
Pavement, 1391 
Maintenance 

Cost, 65. S19-544 
Methods, 552-564 
Materials 

Amounts required, 441, 1140 
Specifications for, 1383 
Suitability of, 440. 1383 
Tests for, 70s 
Reconstruction of 
Cost, 6s. S79 
Methods, S79-S98 
Specifications, 1434 
Suitability of pavement (General), 
40, 428, 438 



INDEX 


Waterway Area 
Bridges. x86, toet 
Culverts. i 86 , lOSl 
Wear \,ste also Specific znaterial) 
Abrasion tests, 706, 716 
French coefficient of, 706, 710 
Weight (Units of measure), 157S 
Weights 

Bridge dead loads. 1038, 1547 
“ steel, 310, 760 
Materials 

Bitumen, / d 55 (Specific gravity) 
Concrete, 1038 
Crushed stone, 1038 
Gravel, 1038 
Sand, 1038 
Steel, 1038 
Stone, 1038 
Timber. 1038 
Water, 1058 
Pipes 

Cast iron, 1079 
Corrugated metal, 1080 
Reinforced concrete. 1083 
Vitrified. 217. 1084 
Reinforcement (Steel bars), 1061 
Wires. 1056 

Weight of Vehicles (see Loads) 
Wheel Base (Length) 

Effect on rear wheel encroach¬ 
ment, 116 

Effect on pavement width. 130 
Trucks, 1039 
Wheel Loads 
Impact 

Bridges. 202, 1040 
Pavements, 372 
Recommended design loads 
Bridge. 202. 1039 
Pavements, 373 
V chicles 

Military ordinance, 202 


Wheel Loads. Vehicles 
Regulation of. 28, 370 
Trucks, 370, 202 

Width of Pavements and Roadways 
At bridges, 6, 8, 203, 633, 1006 
“ curves, 130, 958 
“ railroad crossings, 609 
“ tangents (Normal widths), 6, 8, 
130, 634, 958 

Changing widths (Length of runoff) 
At bridges, 133 
“ curves, 133 
** railroad Xings, 133 
Streets (City and village), 165 

Width of Right of Way, 6. 8, 177 

Wire (Gauges and weights), 1064- 
1059 

Wood Block Pavement 

Description. siS 
Specifications, 1479 
Typical sections, 515 

Wooden Guide Rail 
Cost. 661. 1156 , 1216 
Examples, 676 
Resetting. 1222 

Working Stresses of Materials, 203. 

loss 

Wrought Iron 

Weight of, 1038 

Yardage of Earthwork 

Computation of, 971-993 

Yearly Charges {see also Annual 
charges) 

Bridges (Maintenance of), 210 
Camp equipment, 

Contractors equipment, 1238 - 
1268 

Pavements {see also Each pave¬ 
ment) 

Maintenance, 6s, 519-S44 
Renewal, 65. 579-567 
Survey equipment, 894 
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